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FOREWORD

The laws and regulations which guide the weapons
acquisition process require every program manager to use
competition whenever it is feasible and effective to do so.
Although the emphasis historically has been on competition
during the early phases of the acquisitiorn cycle, the
Department of Defense also stresses the importance of
competition in production. The program manager must assess
the feasibility and effectiveness of production competition in -
a highly detailed, rigorous, and quantitative way.

These circumstances have led the Defense Systems
Management College to sponsor the development of this

hadok Troe puL~- -rpose- of -h S d b* o- -- l

is to provide the program manager and other acquisition
officials with a systematic guide to the assessment,
implementation, and execution of production competition. This
handbook represents the combined efforts of ANADAC, Inc.:
Lanham and Drinnon, Incorporated, and the International
Planning and Analysis Center (IPAC).

To enhance the quality of possible revisions to this
handbook, you are encouraged to submit comments using the form
provided at the end of the book.

- .___
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EDITORIAL NOTE

Discussions with Feveral early users of the 6raft version of this handbook indicate 0

the need to reemphasize a few points. First (if all, readers of this publication ore

reminded that it :s a handbook-not a cookbook. As such, its real usefulness is as a guide,

providing basic information to which must be added considerable thoughtful analysis of a

given program including its product, its schedule, and its contractor and subcontractor

base and characteristics. These comments are particularly applicable to Table S-1--

(Summary of P.'eliminary Screen). The reader should not rely on a simple "numerical" 0

sui.imation of the values contained therein. To do so is to oversrnplify a complex problem

and is hazardous to souna decision making. The "model" contained in Table 3.4-i should

be regarded, like any othcr model, as only a general approximation of the "real world." in

specific circumstances, the reader may choose to disagree with one or more of the values

contaii.ed in the table--you are, in fact, encouraged to do so. If, for example, the item

being procured is hignly comple:., but a fully validated Technical Data Package (TDP) is .

available, or can be made available, then the TDP approach may be perfectly acceptable

rather than being discarded because of the "X" value shown in the Table. These comments

apply to other "prescriptive" aspects of the handbook. Ultimately, the successful

implementation of production competition will depend on the thoroughness of the planning

effort and the artful application of the principles contained in the handbook.

The authors and publisher wish you success in planning and implementing production

competition and hope that the handbook will contribute to that end. Your comments on

the handbook, positive or negative, are sincerely desired so that revisions or updates may

be made for the benefit of future program managers.

S~9-
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OVERVIEW

One of the primary responsibilities of a program

manager is the development of an effective acquisition strategy

tha-t reflects cost, schedule, and technical considerations. The

central component of any such acquisition strategy is the use of

competition. The program manager is required by law andaJ

regulation to employ competition, when practicable, throughout

the entire weapon system acquisition cycle, including the

production phase. When appliea effectively, production

competition can be a significant aid in controlling or reducing

costs, managing risk, and enhancing technical performance.

Production competition is a complex undertaking,

requiring detailed study and analysis by the program manager.

Many potential benefits have been attributed to production

coinpetiLion; however, realization of these benefits depends upon

careful early planning and execution. In addition, production

competition may involve several problems, any one of which may

render competition ineffective if not properly addressed.

Despite pGtential problems, several DoD programs have

employed production competition successfully. The key lessons

learned from these prior efforts are the follo.:ing:

0 Production competition affects every aspect o, the
program including schedule, budget, contracts, and
technical performance.

0-1
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0 The success of production competition is
determined by program goals and circumstances;
"there are no textbook solutions. 0

* Production competition can be employed to
influence contractor price behavior, technical
performance, and schedule discipline.

* When addressing the production competition issue for a A

particular program, the program manager must investigate the

following:

* Whether or not to pursue production competition V

* Which technique of echnology transfer is most
appropriate, given program circumntances

* How best to implement the chosen technique of
technology transfer
How to utilize effectively the competitive
civironment once it is established

The program manager faced with these issvpq could

benefit greatly from the experience of prior programs.

Unfortunately, the lessons learned on prior efforts have not been

documented collectively to assist program managers with future

production competition programs. Furthermore, although requiring

the use of effective competition, current DoD instructions do not

provide detailed guidance on production competition.

These considerations have led the Defense Systems

Management College to sponsor development of this production -

competition handbook, the purpose of which is to provide the

program manager with a single reference tc use in assessing,

implementing, and executing production competition. The handbook

combines the lessons learned from prior programs with the key

0-2
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results of recent research to form a systematic guide to the

production competition issue. The handbook is presented in four

parts:

Part One: Introduction to Production Competition

This section briefly discusses the importance of the
production competition decision, describes various .
techniques to effect technology transfer, and presents
the critical variables associated with production
competition.

Part Two: Evaluation of Production Competition

This section presents detailed economic, technical, and
program analyses that must be undertaken by the program
manager in development of a production competition
strategy.

Part Three: Implementation of Production Competition

This section discusses program management actions that
can be undertaken to implement effectively a production -
competition program. Implementaticn problems
encouutrLeC vii PLrCiiCnto-aait. . a • .... -+C
alternative solutions to those problems.

Part Four: Execution of Continuous Production
Comrpetiticn

This section presents ways in which the program manager
can take advantage of production competition to secure
greater contractor cooperation. Issues discussed
include production award methodologies, logistic
support, product improvement, and capital investment.

0-3
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PART ONE

INTRODUCTION TO PRODUCTION COMPETITION

1. MOTIV TION FOR COMPETITIVE PRODUCTION

2. TECHNIQUES FOR ESTABLISHING COMPETITIVE
PRODUCTION

3. PRELIMINARY SCREEN OF PROGRAMS FOR --

COMPETITION
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1. MOTIVATION FOR COMPETITIVE PRODUCTION

The program manager is faced with a myriad ,f problems

and issues associated with fielding a technically sur-erior weapon

system in a timely and cost-efficienL manner. Increased

comoetition in the acquisition of weapon systems has been

advocated as one solution to many of the problems encountered by

the program manager. Successful weapon system programs have

demonstrated that competition can lead to increased technical

performance, reduced acquisition costs, and improved development

schedules.

These demonstrated benefits have led to a renewed

effort to increase competition in weapon system acquisition. The

President, the Congress, the Off ice of Maniae,,nt , an'. 'udgct, and

the Department of Defense (DoD) are dedicated to obtaining

effective competition for defense goods and services. This

current emphasis requires the program msiiager to maintain

effective competition through the production phase of a weapon

system program, whenever it is practicable to do so.

The program manager should note the emphasis that DoD

and the Congress place on the effective use of competition.

Competition is not advocated merely for the sake of competition

but rather it is advocated as a means to enhance the overall

value of weapon jystems procurement to the government,

considering the economic, technical, schedule, and logistics

effects. Thus, when considering the use of competition, the

A*-



program manager must assess all relevant factors to ensure that

competition is effectively employed.
,0

Production competition is a complex undertaking that

influences every aspect of a weapon system program. Thus, the ...

program manager must address the issue of production competition

in a rigorous, systematic manner. Unfortunately, the experiences

of prior successful programs have never been documented

collectively to assist the program manage: in addtessing the

production competition issue.

The purpose of this handbook is to provide the program

manager with a single reference to be used in assessing,

implementing, and executing production competition. The handbook

presents lessons learned from several prior DoD production

c3mpetition programs and includes reference to recent research.

Prior to assessing the potential for production

competition on a particular program, the proqram manager must

have a cler understanding of the current environment relative to

competition, the complexity of production competition, and the

potential benefits and costs associated with production

competition. Therefore, the remainder of this chapter presents

the following:

0 Recent legislative and regulatory initiatives
related to increased competition

0 A clear definition of production competition as
contrasted with design competition

1-2
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"* The numerous benefits and costs that have been

attributed to production competition

"* The results of empirical research

"* A discussion of the influence of production
competition on other aspects of the program

1.1 LEGISLATIVE AND REGULATORY INITIATIVES

Competition in the acquisition of defense goods and

services is a legal and regulatory mandate. The DoD and the

Congress have long preferred competition as a means of

controlling weapon system costs and ensuring a fair procurement

system. This preference is expressed through legislation,

regulations, and instructions.

C..r....inal prferen for cornptition in the a

acquisition of weapon systems Is expressed through legislation,

such as the Armed Services Procurement Act of 1947. The Act

requires that contracts for property or services be formally -

advertised. Under specific situations, negotiation can be vsed;

however, negotiations must be competitive, whenever practicable.

Since 1947, numerous legislative initiatives have been introduced -

to amend the Act and further increase competition.

Most recently, Congress has expressed specific interest

in production competition. Section 797 of the Department of

Defense Appropriations Act of 1984, P.L. 98-212, states:

1-3
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None of the funds made available by this Act shall be
used to initiate full-scale engineering development of
any major defense acquisition program until the
Secretary of Defense has provided to the Committees on
Appropriations of the House and Senate:

(a) a certification that the system or subsystem being
developed will be procured in quantities that are
not sufficient to warrant development of two or
more production sources, or -

(b) a plan for the development of two or more sources
for the production of the system or subsystem
being developed.

As clearly stated, P.L. 98-212 requires that analysis

of production competition be undertaken for all major defense

acquisition programs. The program manager, as the single

individual responsible for program formulation and execution,

must direct the production competition anal~sis.

These legislative mandates are implemented within the

Executive Departments by regulations and instructions that

provide the program manager with additional guidance concerning

competition. OMB Circular A-109 directs the incorporation of

competition throughout a program, especially during the u.±sign

and development phases. The Federal Acquisition Regulation (PAP)

and the corresponding DoD Supplement mandate competition in the

procurement of goods and services. FAR Subpart 14.103-1(a)

states:

Contracts shall be awarded in accordance with formal
advertising procedures whenever feasible and
practicable. Except where negotiation is specifically
required 'y this regulation (e.g., foreign purchases by
overseas activities), this rule shall be followed even
though the existing conditions would satisfy one or
more of the circumstances permitting negotiation.

1-4



Furthermore, the FAR requires that negotiations be conducted

competitively, whenever practicable. Subpart 19.135(a) and (b)
S

of the FAR state:

Negotiated contracts shall be awarded on a competitive
basis to the maximum practical extent. To this end

(a) Offers shall be solicited from the maximum
number of qualified sources consistent with the
nature of and the need for the supplies or
services being acquired. Acquisition information
shall be publicized in accordance with 5.101.

(b) Before negotiating a contract on a
noncompetitive basis, the contracting officer is
responsible not only for ensuring that
competition is not feasible and practicable under
the existing conditions and ciLcumstances but
also for acting whenever possible to avoid the
need for subsequent noncompetitive contracts.
This process shall include--

(1) Examination of the reasons precluding
competition for the current requirements;
and

(2) Taking steps to foster competition in
the future, particularly with respect to the
availability of complete and accurate data,
reasonableness of delivery requirements, and
possible breakout of components for
competitive contracting.

In March 1984, the Office of Federal Procurement

Policy (OFPP) issued Policy Letter 84-2, Subject: L i
"Noncompetitive Procurement Procedures." The letter sets strict

limits on agencies' use of sole source contracts, requiring the

use of competitive awards except in seven specified

circumstances. OFPP Policy Letter 84-2 is reproduced in -7
Appendix F for the reader's convenience; it was implemented

in the FAR by FAC 84-3, issued 29 June 1984.

1-s



The DoD, through directives and instructions, provides

the program manager with additional guidance concerning
0

competition. DoD Directive 5000.1 presents effective competition

as one of the primary acquisition management principles:

Effective design and price competition for defense
systems shall be otained to the maximum extent
practicable to ensure that defense systems are
cost-effective and are responsive to mission needs.

For major systems, DOD Instruction 5000.2 defines the _.

content and structure of the Defense Systems Acquisition Review

2Council (DSARC). The instruction places heavy emphasis on

review of the program's acquisition strategy, including both

design and price competition, at major milestones. Although DoD

Directive 5000.1 and DoD Instruction 5000.2 emphasize the DoO's

det-iled guidance on establishing production competition.

In addition to regulations and instructions, the DoD --

has initiated several policy initiatives associated with

increased competition. The Defense Acquisition Improvement

Program, instituted in 1981, includes an initiative to increase 2
0

competition in the acquisition process. In addition, a

High-Level Working Group on Competition has been established

Department of Defense Directive 5000.1, "Major

System Acquisitions," USDR&E, March 29, 1982.

2 Department of Defense Instruction 5000.2, "Major
System Acquisition Procedures," USDR&E, March 8, 1983

10
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under the direction of the Under Secretary of Defense for

Research and Engineering. The Group currently is investigating

ways to increase effective competition within DoD. Within the

services, Competition Advocates have been appointed to encourage

competitive procurement practices and to challenge

noncompetitive procurements. Furthermore, the services have

embarked upon special programs to increase competition in all

phases of the acquisition cycle.

In summary, the program manager is required by law and

regulation to incorporate effective competition in the

acquisition of weapon systems, whenever practicable.

Furthermore, the current emphasis on increased competition

p'laes additioflal atternticl. onproductionccpei 4

Therefore, the program manager must recognize production

competition as a critical issue and anticipate consideration of

the issue in program reviews and budget justifications.

1.2 TYPES OF COMPETITION

In order to undertake analyses and implementation of

production competition, the program manager must have a clear

understanding of the concept of competitive production.

Competition in defense acquisition is a broad concept that

encompasses several procurement techniques and strategies. The

program manager should understand two important distinctions

1-7



that delineate this broad concept. First, design competition

must be distinguished from production competition.3 Second, ' -

the distinction between different types of production

competition, such ab buy out and split buy, should be

recognized. These distinctions can assist the program manager

in applying empirical evidence and theory to a particular

program.

Design and Production Competition

Design competi.tion, which occurs during a program's

validation or early design phase, involves development of

competing solutions to satisfy a mission need. The purpose of

the competition is to select the best technical approach within

affordable costs.

Design competition generally occurs prior to

full-scale development (FSD), when it is unreasonable to solicit

binding production cost proposals from the contractors.

Probable life cycle costs normally are included in the source

selection criteria; however, technical uncertainties associated

with the development of a complex weapon system render the cost

estimate equally uncertain.
3.

3 For a more detailed discussion of this
distinction, see Benjamin Russell Sellers, "Competition in the
Acquisition of Major Weapon Systems," Naval Postgraduate School,
September 1979.
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Design competition, according to the carry-over theory
4

of the 1960s, results in lower total progiam cost. The

theory contended that competing firms would generate

cost-effective and technically superior designs. Proponents of

the carry-over theory develop acquisition strategies that -

feature several competing design firms, ultimately leading to a

single FSD and production contractor. This strategy is

graphically portrayed in Figure 1.2-1.

EXPLORATION VALIDATION FSD PRODUCTION

FIRM A

FIRM A

UNIVERSITY

FIRM U

FORM 0

GOVERNMENT LAB

FIRM C

FIRM C

FIR11 D • . .

Figure 1.2-1 Design Competition Acquisition Strategy

4 Benjamin Russell Sellers, "Competition in the ...
Acquisition of Major Weapon Systems," Naval Postgraduate School,
September 1979.
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The program manager should note that the carry-over

approach establishes an intense competitive environment, since

only one contractor may proceed with FSD and production. The

competing contractors are faced with an all-or-nothing

situation.

Several authors have suggested that this intense

design competition provides a strong incentive for contrac ors

to propose optimistic cost estimates. They argue that

contractors, faced with technical uncertainty in a competitive

environment, adopt the most optimistic view and subsequently may ....

propose unrealistic costs. The program office, equally

enthusiastic about the program, accepts these optimistic cost

estimfates When tephnical problems arise durinq FSD, the

government has lost its monopsony leverage and must renegotiate

with the single source FSD contractor. In such a situation,

technical difficulties or contractor proposed technical _

enhancements often lead to higher development and production

costs.

-0

This contention has been supported by recent empirical

evidence that suggests single source FSD programs exhibit larger
5

cost growth than competitive FSD programs. Furthermore,

5 Lou Kratz and Larry Cox, "Analysis of AMRAA-M
Acquisition Alternatives: Phase II," The Analytic Sciences
Corporation, May 1982.

S
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this evidence indicates that total rrogram cost growth, including

both development and production costs, is greater during the FSD 0

6phase of a program.

Competition for the best technical design is entirely

different from production competition. Production competition

involves maintaining multiple supplier, of identical or

functionally identical equipment. The goals of production

competition are to obtain the lowest fair and reasonable price..

to encourage improvements to quality, and to enhance the

industrial base. An acquisition strategy featuring production

competition is presented in Figure 1.2-2. As shown, the second

production source can begin educational and quali fication

activities during either FSD or production. 7-

The program manager must recognize that design and
production competition are distinct. Each has its own goals and

each can be undertaken with or without the other. if production

competition is to be pursued effectively, its foundation should

be laid while the program is under the positive influence of

design competition. This may require obtaining data rights,

negotiating royalty payments, and defining technology transfer

arrangements.

Louis A. Kratz, et al, "Electronics Cost _
-= Research," The Analytic Sciences Corporation, January 1984.
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EXPLORATION VALIDATION FSD PRODUCTION
S A

FIRM A

UNIVERSITY

FIRM A (SYSTEM DEVELOPER)
FIRM 6 COMPETITIVE SPLIT

FIRM B 1
FIRM 3 (SECOND SOURCE)

GOVERNMENT LAF

FIRM C

FIRM C)

Figure 1.2-2 Production Competition Acquisition Strategy

Production Competition

The acquisition strategy presented in Figure 1.2-2

involves two production sources in continuous competition. The

program manager should recognize that other techniques also are

1-12



referred to as production competition. These techniques can be

defined along two dimensions: the number of production sources,

and the number of competitions undertaken. 7

The number of production sources refers to the number

of sources maintained over time. In some arrangements, the

winner of the competition receives all of the production quantity

which is up for bid. Thus, only one producer is manufacturing

the system at any time. in other strategies, the winner of the

competition receives a proportion of the production quantity and

the loser receives the remainder. Thus, two or more firms

manufacture the system simultaneously. These two concepts can be

distinguished as winner-take-all and dual source or split buy.

The other dimension of production competition is the

number of times that competitions are held. Production

competition can be held once, or there can be seve--al

competitions during the production phase. This dimension, in

conjunction with the number of production sources maintained, can

be displayed in a matrix as shown in Table 1.2-1.

7 For a more detailed discussion see, "Quantitative
Acquisition Stratejy Models," Sherbrooke and Associates,
March 1983.
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TABLE 1.2-1
TYPES OF PRODUCTION COMPETITION

Division of Number of Competitions
Production Quantity

mS
One Reprocurements

Winner-take-all A B

Dual source C D

.5

The program manager must select one type Of production

competition based upon program goals and circumstances. The

benefits and risks acsociated with the various types of

competition are presented in Appendix A. The subject of this

handbook is continuous production competition, shown by Case D in

Table 1.2-1.

In case D, the production quantity is split between two

producers, but the split may be changed through a series of 0

reprocurements. As long as the firms remain competitive in terms

of price ond quality, they do not face the threat of losing their

production quantity entirely. The existence of two -

up-and-running competitors provides the program manager with

considerable leverage in securing contractor cooperation and

competitive prices. In the last few years of production, or

earlier if one of the firms fails to be competitive, the program

manager wiay conduct a winner-take-all buy out.

1--14
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A clear understanding of the distinction between the

different types of competition enables the program manager to

view design competition and production competition as

complementary rather than as mutually exclusive. Furthermore, a

clear understanding of production competition allows the program

manager to apply relevant historical data properly to an assessment

of future production competition for a particular program.

1.3 COSTS AND BENEFITS OF PRODUCTION COMPETITION

The DoD has undertaken several competitive production

programs. These programs have formed the basis for attributing

numerous costs and benefits to production competition; however,

the attajinmpnt mf Qrwtr,- finr honrufi a nn r %,~rirrn eva c Aa'a nr4-

ensure that those benefits will accrue to future programs. The

program manager must recognize that production competition is a

complex undertaking, requiring substantial management effort to

secure benefits..

The Benefits of Production Competition

Numerous benefits have been attributed to production

competition, ranging from decreases in unit procurement cost to

increases in equipment quality and industrial productivity. The

most often cited benefit has been a reduction in unit procurement

costs, leading to overall program savings. Several studies have 0

documented the empirical reasults concerning this benefit. The

results indicate that different cost outcomes have been obtained,

1-15
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depending upon specific program circumstances. 8  Thus, the

program manager cannot rely on a simple savings factor, such as -

25 percent, but rather must concentrate on program

characteristics.

Competition may provide an incentive for contractors to

improve the quality and performance levels of their systems.

Furthermore, it has been suggested that in a competitive

environment contractors are more likely to propose cost-reducing,

rather than cost-increasing design changes. Thus, control of

cost growth also has been identified as a potential benefit of

9
competition.

Lm An enhanced industrial base is another potential

benefit of competition. Establishing two prime contractors may

provide increased surge and mobilization capacity, while

lessening the potential for program delays from labor disputes.

Furthermore, several authors have suggested that in a competitive

environment contractors are more likely to invest in

productivity-enhancing capita], equipment. It is argued that

contractors, by undertaking such investment, may improve their

competitive position for future contracts--government and

commercial, foreign and domestic.

See for example: J. W. Drinnon and J. R. Hiller,
"Predicting the Costs and Benefits of Competitive Production
Sources," The Analytic Sciences Corporation, TR-1511, December 1979.

9 Louis A. Kratz, et al, "Competition of Defense Procure-
ments: Evidence, Theory, and Application," The 1982 Federal
Acquisition Research Symposium, Washington, D. C., May 1982.
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A corresponding benefit of competition is a wider

geographical dispersion of effort. This diminishes the effect of

natural disasters, while enhancing political support for the

program.

These various benefits can be summarized by noting that

competitive production increases the program manager's levarage.

In a competitive production program, the program manager does not -

face a monopoly supplier. Thus, contractors should be more

cooperative and responsive to the needs of the program.

L

The Costs of Competitive Production

The program manager should recognize that production

competition also involves additional costs. The most

recognizable cost to the program manager is the increased initial

funding necessary for solicitation of a second source, technology -0_ 1

transfer, procurement of tooling and test equipment, and

qualification testing. These nonrecurring costs are incurred

early in the program.

Additional government administrative costs also are

required to institute production competition. These costs are .. -

associated with second source selection and qualification,

recurring solicitations and contract award, and continuous

IL management of two contractors. E.

1-17



Another potential cost of competitive production

involves the effect of competitive pricing on contractor

investment. It has been argued that competition may lead to

reduced contractor profitability, ultimately resulting in a

decrease in capital investment. 1 0 Furthermore, the

competitive split buy may lead to excess capacity, further

reducing capital investment.

Balancinq the Costs and Benefits

The relevance of the various costs and benefits to a

particular program depends upon the goals and circumstances of

that program. In addition, there is conflicting evidence as to

*-he effect of competition. For example, a cited benefit of

imnetition is an increase in capital investment while a cited

-st is a decrease in investment. The program manager must

balnce the costs and benefits of competition based upon

economic, technical, and management analyses that reflect program

characteristics.

Addit 4.onally, the program manager must keep in mind

that the question of whether or not to establish competitive

production sources is largely an investment decision: what are

1 0 M. N. Beltramo and D. W. Jordan, "A Brief Review
of Theory, Analytic Methodology, Data, and Studies Related to
Dual Source Competition in the Procuremant of Weapon Systems,"
Science Applications, Inc., August 1982 (hereafter referred to as
SAI-82).

1-18
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the expected returns on the large expenditures required to

establish competition? As in any investmei.t analysis,

consideration must be given to alternative application of the

investment dollars. For example, the program manager should be

prepared to explain why the government's interests would not be

better served by increased DoD investment in the developer's

capital equipment. Or, why would it not be better to increase

the developer's rate to its most efficient point? The point is

that the program manager considering production competition must

analyze an array of strategies when developing the program

acquisition plan. .

. A- . - "

1.4 EMPIRICAL RESEARCH

As discussed in Section 1.3, one of the benefits of

production competition is a reduction in unit procurement costs.

Numerous studies of competition have been undertaken based upon

different data sets and different methodologies. Several of

these studies are summarized in Tables 1.4-1, 1.4-2, and 1.4-3.

"1.19

1-19 "



TABLE 1.4-1

ESTIMATED PERCENTAGE SAVINGS DUE TO COMPETITION
MISSILES AND MISSILE COMPONENTS -

Equipment IDA-74 APRO-78 IDA-79 TASC-79j SAI-82

TOW Missile 48.1 8.5 8.9 12.3 11.0

DRAGON Round 2.7 2.8

SHILLELAGH -0.2 5.9 -8.0 9.4 -10.4

TALOS (G&C unit) 42.3 40.8 39.8

BULLPUP 12 (Martin) 13.9 31.7 26.5 25.8

BULLPUP 12 (Maxson) 45.8
SIDEWINDER AIM-9D/G -4.6 0.7 -22.0

SIDEWINDER AIM-9B 1.6 -5.6

Standard Missile MR
RIM 66A -4.2 59.2

Standard Missile ER
RIM 67A 34.0

-9

TABLE 1.4-2
ESTIMATED PERCENTAGE SAVINGS DUE TO COMPETITION

TORPEDOES AND BOMBS

IDA-74 AFO/ u-• TA -SEquipmerit _D-4 AK0/

HAWK Motor Parts 6.4 45.7 49.9

TOW Launcher 30.2 44.2 30.2

DRAGON Tracker 12.0 12.3

SPARROW AIM-7F
(G&C Unit) -31.4 _ .

MK-48 Torpedo
Warhead 53.2 48.6

MK--48 Electric
Assembly 37.5 47.0

MK-48 Exploder 61.2

MK-48 Test Set 61.8

Rockeye Bomb -23.0 -4.5 3.7

MK-46 Torpedo
Airframe & G&C -36.4

Note: IDA-74 is footnote 12, APRO-78 is footnote 11, IDA-79 is

footnote 13, TASC-79 is footnote 14, and SAI is footnote 10.
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TABLE 1.4-3
ESTIMATED PERCENTAGE SAVINGS DUE TO COMPETITION

ELECTRONIC PROGRAMS

Equipment IDA-74 APRO-78 IDA-79 TASC-79 SAI-82

FAAR Radar 16.6 16.6
FAAR TADDS 18.2 18.2
AN/ARC-13]. -2.1 -16.2

UPM-98 Test Set 3.0 11.5
PP-4763/GRC Power Sup .3 .5
TD-204 Cable

Combiner 52.5 46.8 40.2
TD-352 Multiplexer 57.8 58.0 55.6
TD-660 Multiplexer 30.2 38.3 28.4
60-6402 Elec. Cont. 57.0 49.4 52.7 .0
SPA-66 Radar Ind. -3.4
APX72 Airb. Transp. 32.6 27.1 23.3
AN/ARC-54 55).0 63.]
AN/PRC-77 34.8 20.5 41.9
AN/GRC-106 43.3 41.8
AN/GRC-103 58.7 60.1 ,6
AN/APM-123 61.2 67.7
SPA-25 Radar Ind. 21.3 48.8 10.7
USM-181 Test Set 36.0 56.0 36.3
FGL-20 Teletype 32.0 23.7 39.9
MD-522 Mod/Demod 60.3 58.6 51.9
CV-1548 Signai CoYv '53.7 b4.0 45.4

AN/ARA-63 Radio 57.9
AN/SQS-23 208A

Transd. 32.2
AN/PRL-25 55.0
AN/ASN-43 10.7
AN/FYC-8X 43.2 e
MK-980/PPS-5 56.0 66.5
PRT-4 42.3
Aerno 42-0750 54.8
Aerno 42-2028J 19.9

The key point from Tables 1.4-1, 1.4-2, and 1.4-3 is

that savings attributed to competitive production cannot be

viewed as a simple factor, such as 25 percent. Savings figures

result from specific program characteristics. Additionally,

different methodological approaches to calculating the savings

indicate different results.

Fortunately, several recent efforts have focused on

specific case reviews of contractor price behavior in a
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competitive environment. Efforts by Lovett and Norton,

12 13Zusman, and Daly have demonstrated that competition

positively affects contractor price behavior. (These studies are

summarized in Appendix B.) These efforts have led to the

evolution of a comnon framework that can be used by program

managers to estimate the potential price effect of competition.

The framework is based upon the effect of competition

on the original producer's price behavior, as evidenced by

progress curves. The framework postulates that establishment of

production competition leads to both an immediate price reduction

and to 3ubsequent price reductions which are greater than would

have been obtained with the single source. These ideas are

characterized by Drinnon and Hiller as a downweLd shift and a

steepening, or downward rotation, of the progress curve, as

presented in Figure 1.4-1.14

1iE. T. Lovett and M. G. Norton, "Determining and
Forecasting Savings from Competing Previously Sole Source/
Noncompetitive Contracts," Army Procurement Research Office, APRO
709-3, October 1978. (APRO-78)

12M. Zusman, et al, "A Quantitative Examination of
Cost Quantity Relationships, Competition During Reprocurement,
and Military versus Commercial Prices for Three Types of
Vehicles," Institute for Defense Analysis, Program Analysis
Division, Study S-429, March 7.914. (IDA-74)

1 3 George G. Daly, et al, "The Effect of Price
Competition on Weapon System Acquisition Costs," Institute for
Defense Analyses, P-1435, September 1979. (IDA-79)

14,. W. Drinnon and J. R. Hiller, "Predicting the
Costs and Benefits of Cimpetitive Production Sources," The
Analytic Sciences Corporation, TR-1511, December 1979. (TASC-79)
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Figure 1.4-1 Framework for Assessing Production Competition

The framework presented in Figure 1.4-1 can be used by

the program manager to conceptualize price behavior in a

competitive environment. The framework is intuitively appealing,

in that one would expect prices to decline in a competitive

environment, relative to a single source environment. Several

researchers have applied or expanded the shift and rotation S -

formulation. For example, Bemis applied a similar formulation to

15
an analysis of the High Speed Anti-Radiation Missile (HARM).

John C. Bemis, "HARM Missile Competition
Analysis," Office of the Under Secretary of Defense Research and
Engineering 'Acquisition Management), Contract Administration,
July 1982.
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Most recently, Kratz incorporated consideration of production

rate variations on unit price and presented additional cases of

changing price behavior.

1.5 OTHER EFFECTS OF PRODUCTION COMPETITION -

Production competition is a complex undertaking that

affects every aspect of the program. Prior competitive •

production programs provide valuable lessons learned in the

following areas:

0 Program office staff

0 Schedule

• Capital investment

SFu di ng .ir _

"* Technical specification and performance

"* Contracting

The program manager should note that the influence of competition 9.

in these areas presents potential opportunities to take advantage

of the competitive environment, as well as potential problems.

For exaLnple, production competition may require

additional program office administration and personnel. The

program manager must recognize that this is not merely a matter _-

of additional staff. Successful production competition requires

a dedicated management team. Obtaining such a team is difficult

16Louis A. Kratz, "Dual Source Procurement: An
Empirical Investigation," The Analytic Sciences Corporation,
EM-223-WA, August 1983.
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when faced with DoD personnel constraints. Furthermore,

increases in programn office staff may lead to coordination

difficulties, due to the complexity of a larger organization.

The program manager maust recognize that the process of

selecting and qualifying the second producer may affect the

program schedule. Additional development time may be required to

qualify the second source, and the production schedule may have

to be adjusted to accommodate second source qualification.

The existence of two suppliers also presents the

program manager with several opportunities. For example, two

suppliers could be used to ensure the successful development of a

critical subsystem. In production, two sources cou].d absorb an

accelerated production schedule more readily than a single

supplier.

This latter opportunity assumes the contractors possess

adequate facilities. Facility levels and capital requirements

are difficult to determine in a competitive production program.

The program manager must assess the desired level of capacity at

two plants with limited knowledge of how many units eventually

will be produced in each specific plant. Furthermore, the

program manager must address the issue of contractor versus

government funding of capital equipinent.

1-25



In addition to potential capital costs, the program

manager also must identify required funding for other

nonrecurring costs that are incurred early in the program. For

exam. le, funds must be obtained to provide for technical data

rights and transfer, selection of the second source, and

qualification of the second source. These costs and their

effects on program funding profiles are recognized by OSD, as

evidenced by Deputy Secretary of Defense Memorandum on
17 ••..

Programming and Investing for Competition. The memorandum

requests the services to identify the additional funding required

to establish production competition for promising programs.

The funding issue extends into recurring costs also.

In support of the Program Objective Memorandum (1OM) and Five

' Year Defense Plan (FYDP), the program manager must estimate

potential production costs under a competitive approach. Often

these estimates must be prepared four to five years in advance of

* the budget year. This situation is complicated further bl the

critical requirement to identify sufficient funds to ensure

successful program execution. Insufficient funds may lead to

such a reduction in annual procurement quantities that

competitive production is not feasible.

The technical nature of the end item and the technical

performance of the contractors also are critical factors that

7 William H. Taft IV, "Programming and Investing

for Competition," Deputy Secretary of Defense Memorandum . . . .¶

12 March 1984.
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must be considered by the program manager. The des -e to obtain

competitive production may preclude the incorporati of -

advanced, proprietary subsystems in the design. The item itself

may be so complex that even a capable second source would have

difficulty producing the item. Furthermore, the second source
S

may not be interested in truly whole-hearted competition, but

rather the firm may be content with the smaller share of

production. The program manager must recognize the potential for . .

contractor gaming from both sources.

Many of these potential technical problems can be -

addressed through innovative contracting approaches. Data rights -

clauses, incentive provisions, and milestone schedules can be

incorporated into development contracts to enhance production - U

competition. The program manager should note that this requires -

early acquisition strategy and contract planning. Once in

production, a method must be devised to limit contractor gaming --

during the split buy award.

These issues are discussed in detail in the remainder

of this handbook. The prograni manager must realize that

competition is not a panacea, but rather a complex undertaking.

The complexity of the task should not discourage The program --

manager, for many of the problems encountered on prior programs

can be avoided through use of the techniques and tools presented

in Parts II and III. s
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1.6 SUMMARY OF COMPETITIVE PRODUCTION

This chapter has introduced the program manager to the

concept of production competition. As the program manager

proceeds through this handbook, an increasing level of detail -

will be presented; however, the program manager should not loee

focus of the overriding general principles. Specifically, the

program manager should note the following:

"* There is a growing momentum within Congress and
the DoD for increased competition, especially
competition d ring production.

"* This momentum is fueled by the numerous benefits
that have been attributed to competition; however,
the costs of competition also must be recognized.

"* Production competition is a complex undertaking
that requires careful planning and analysis.

"* Design competition and production competition are -
distinct but complementary concepts.

"* Empirical r -earch has yielded diverse results
concerning m-petition, indicating a need for
analyses that reflect program characteristics.

"* A framework has been developed to assist the
program manager in that analysis.

1-28

0 ". - .



2. TECHNIQUES FOR ESTABLISHING COMPETITIVE PRODUCTION

This chapter discusses techniques that have been

employed by DoD in transferring production technology and

establishing competitive production sources. These techniques 5

include the following:

0 Form, Fit, and Function

0 Technical Data Package .--

* Leader-Follower

* Licensing

* Contractor Teaming

Following a brief description of each technique, the

advantages and disadvantages of the technique are discussed and *.- -

an historical example is presented. Applicability of these

techniques to lower tier items and suppliers also is discussed. -

Details on implementation of the particular approaches are

presented in Part III.

2.1 FORM, FIT, AND FUNCTION

3.

The Form, Fit, and Function (F 3 ) technique involves

the solicitation of alternative suppliers based upon performance

and external interface specifications, allowing design and

manufacturing flexibility. Potential second sources are provided

with functional specifications regarding overall performance,

size, weight, external configuration, interface requirements, and
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mounting provisions. Cnce selected, the second supplier is given

total design freedom concerning the internal configuration of the

equipment.

33

Advantages of the F3 Techniquo•e----

The primary advantage of the F1 technique is that

it does not require a detailed data package. Thus, the

government need not validate and maintain a design package.

Furthermore, the government need not assume responsibility or

liability for technology transfer. The second source contractor

is responsible for the item design. If the end item does not

meet specifications, the contractor must alter the design.

This method also maximizes the potential production

unit cost reduction due to competition, because each firm can

design the system based upon its manufacturing process. The

second source is not constrained to manufacture to the

developer's internal design.

3 0

Disadvantages of the F3 Technique

The F 3 technique also presents several

disadvantages. The second source must undertake a system

1 For a more detailed discussion of the advantages

and disadvantages of the various technology transfer techniques,
see: Benjamin Russell Sellers, "Competition in the Acquisition
of Major Weapon Systems," Naval Postgraduate School, September
1979.
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development program. For more complex items, this may require

considerable effort in time and money, thus delaying the

initiation of competitive awards. AG

In addition, since the design of the second source's

item is different from that of the original producer, the second

source's end items must be qualified on unique test equipment.

Furthermore, special tooling may be required for manufacture.

Thus, the F technique may involve two different sets of

tooling and test equipment.

The F technique also leads to multiple

configurations of the end items in the inventory. This may

increase logistics costs by requiring two sets of test equipment

and different spare parts. In additi'on, the end item

manufacturers may be able to exercise monopoly pricing on spare

parts, since they each provide unique configurations.

The F technique also presents the risk that in a

competitive environment the contractor with the least

appreciation for the complexity of the system may be the low

bidder. Once awarded production quantities, this contractor may

encounter significant problems. The program manager can avoid

this problem by carefully constructing the source selection

criteria to highlight contractor awareness of critical elements.

2-3

. PL



An Example F 3 Program

One recent example of the F3 technique is the 0

GAU-8/A 30-millimeter ammunition, managed by the A-10 System

Program Office. Aerojet Ordnance and Manufacturing Company
developed the 30-millimeter ammunition for the GAU-8 under

subcontract to General Electric, the gun system developer.

Based upon DSARC II guidance in 1974, GE developed

Honeywell as a second production source for the ammunition, to

reduce procurement costs and to ensure an adequate supplier base.

GE transferred the required technology based upon the technical

specifications of the gun system. Initial production was

achieved by Honeywell under subcontract to General Electric.

Thc A-10 program office initiated direct, competitive

buys from the two ammunition suppliers in FY77. The program has

been successful in lowering procurement costs and ensuring an
2

adequate supplier base..

2.2 TECHNICAL DATA PACKAGE

The Technical Data Package (TDP) technique of

establishing a second production source involves the solicitation

and selection of second source based upon a stand-alone

2i

2 Darrell R. Hoppe, 'Dual Awards and Competition--
You Can Have Both," Seventh Annual Acauisition Conference,
Hershey, Pennsylvania. 197b.
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technical data package. The TDP is procured by the government

from the original developer, either by exercising a

rights-to-data clause in the developer's contract or by effecting

a separate procurement. Four steps are associated with

technology transfer under a TDP technique:

0 Preparation of the TDP by the system developer.

0 Validation of the TDP by the program office.

0 Acceptance and translation of the TDP by the
second source.

* Second source qualification and fabrication based
on the TDP.

The key to successful technoloqy transfer is an

adequate TDP which would define the following technical

aspects of the end item:
SSpecific rc-uirUents of thp proact in trms of

detailed physical and performance characteristics
within the operational environment for which the
product is intended.

0 Quality assurance provisions, including sampling
plans and acceptance criteria, acceptance
inspection equipment, examinations, and tests to
be conducted.

* Preservation, packaging, and packing to ensure
adequate and economical preparation for delivery
and protection of the product from the time of
production to time of deployment.

0 Manufacturing instructions or descriptions to
en3ure that contractors in the general field of
capability can expeditiously initiate production
of the item covered by the TDPj

3 For a more detailed discussion of the TDP
technique, see: "Technical Data Package Development and
Management," Army Management Course, United States Army
Management Engineering Training Activity, October 1982.
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Advantages of the TDP Techniaue

The TDP technique of establishing competitive

production sources presents several advantages. The program ' .

manager can use a valid TDF repeatedly to maintain competition

throughout a production program. In addition, by procuring a TDP

the program manager maintains the potential for future

competition while comm'.itting only a small initial investment.

This is particularly attractive because the original producer may

offer lower prices as a step towards avoiding competition. Thus,

the program manager may be able to realize the benefits of

competition without incurring the additional tooling and

qualification costs associated with competitive production. For

this approach to be effective, the first producer must believe

that the TDP is adequate and that potential competitors exist.

Disadvantages of the TDP Technique

The TDP technique also presents several disadvantages.

In order to validate the TDP, the program manager must have
S

access to a qualified engineering team. This team may be

required to function through initial production to ensure

resolution of any data package problems.

By validating and releasing the TDP, the government

assumes responsibility for its adequacy. Thus, if the TDP is

insufficient to enable the second source to produce, possibly

2-6
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because of inadequate drawings or differences in production

processes, the government may be liable.

Given the complexity of modern weapon systems, it may

be difficult t, document weapon system technology strictly

through drawings. Even when drawings are complete and accurate,

technological differences between the two companies'

manufacturing methods may preclude the second source from

manufacturing strictly from the TDP. The second source may be

required to undertake reverse engineering to -translate the system

design. This may result in later logistics complications if the

two designs are significantly different.

An Example TDP Program =

One recent TDP competitive production program is the

4AIM-7F Suidance and Control unit. The AIM-7F is an

air-to-air missile featuring semiactive radar guidance and a

solid rocket motor. Raytheon, the system developer, experienced

design difficulties leading to a slip in the development effort.

Subsequently, the Navy decided to introduce a second production

source to improve product quality, reduce costs, and to enhance

the industrial base.

4 For a more detailed summary of the AIM-7F program,
see: "Review of AIM-7F SPARROW Second Source Procurement
Program," The BDM Corporation, December 1980.
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The selection and production qualification of General

Dynamics, the second source, required over six years. The

lengthy second source qualification effort was in part due to

funding deferrals and delays in testing. In addition, General

Dynamics encountered several problems in translating the Raytheon

data package. Costs associated with establishing the second

source in then year dollars were approximately $69 million,

including the following:

* $6 million for Raytheon's effort on the TDP.

* $11 million for Naval Weapon Center technical.
assistance and configuration management.

* $52 million for General Dynamics first articles,
production learning of 70 missiles, and tooling.

The AIM-7F production competition program has been

judged by many to be a successful undertaking- Several authors S

have demonstrated that the competition led to significant unit

5
cost reductions. Furthermore, a recent review of AIM-7F

reliability has demonstrated improved product quality following
6-

the introduction of General Dynamics. 6 -.

5 See for example: James H. Quinn, "The AIM-7u
Competition Presentation to the Defense Science Board," Niva] Air
Systems Command, August 1979.

6 Lou Kratz and Larry Cox, 'Analysis of AMRAAM
Acquisition Alternatives: Phase II," The Analytic Sciences
Corporation, May 1982.
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2.3 LEADER-FOLLOWER

The leader-follower technique of establishing a second

production source involves direct contractor-to-contractor

transfer of technical data. Subpart 17.4 of the Federal

Acquisition Regulation (FAR) states that this transfer can be

accomplished by awarding a prime contract to a:

"* Leader company, obligating it to subcontract a
designated portion of the required end items to a
specified follower company and to assist it to
produce the required end items.

"* Leader company, for the required assistance to the
follower company, and a prime con-tract to the
follower for production of the items.

"* Follcwer company, obligating it to subcontract
with a designated leader for the requisite
assistance.

The FAR considers the leader-follower concept as an

extraordinary procurement technique and restricts its use to

situations when the following conditions exist:

* The leader company has the necessary production
know-how and is able to furnish required
assistance to the follower.

• No other source of supply can mfet the
government's requirements without the aasistance
of a leader company.

* The assistance required of the leader company is
limited to that which is essential to enable the
follower company to produce the items.

* Its use is authorized in accordance with agency
procedures.

2-9
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Advantages of the Leader-Follower Technique

The kedvantages of the leadr--ollower techniaue

is the limited government liability associated with technology

transfer. Unlike the TDP technique, under the leader-follower

technique the program office is not required to validate a TDP.

Thus, the government need not assume respcnsibility for the

adequacy of the data. In so-, e zases, a complete TDP is not

required.

The program office must monitor technology transfer;

however, the direct contractor-to-contractor transfer facilitates

the development of the second source while minimizing governmeit.

involvement in technical data validation. Pioublein•i• euuhted

in translating technical data can be solved through direct

engineering exchange between the two contractors. In some cases

the leader can qualify the follower for production.

Disadvantages of the Leader-Follower TechniQue ]
The leader-follower technique also presents several

disadvantages. The program manager should note that this

technique is limited to those programs where the original sN cerm

developer can be motivated to be a leader company. Because the

developer may be less than enthusiastic about assisting in the

establishment of a competitor, the prograw manager should
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anticipate only limited cooperation from the system developer.

To enhance cooperation, inno'ýative incentives may be required.

Another disadvantage of the leader-follower technique

is that, if the follower is a subcontractor to the leader, the

program office may have limited control over follower selection

and technology transfer. Thus, the leader may be able to

forestall competition by delaying technology transfer or --

selecting an incapable follower.

An Example Leader-Follower Proqram

One ongoing leader-follower program is the Advanced

Medium Range Air-to-Air Missile (AMRAAM). The all-weather,

beyond-visual-range AMRAAM is being developed to be compatible

with the F-14, F-15, F-16, F/A-18, and other U.S. and Allied

aircraft. AMRAAM features command update inertial guidance for

midcourse control plus an active radar terminal seeker with

home-on-jam capability.

* 0

The AMRAAM program involved early design competition,

employing a five-contractor concept definition phase. Hughes and

Raytheon were selected to proceed into validation. This effort
Ik

included a competitive fly off in which both contractors were to

fabricate ten prototype missiles.

Requests for Proposals for Full-Scale Development (FSD)

included solicitation of both offerors' leader-follower plans and
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identification and pricing of any proprietary data. The source

selection culminated in the award of a fixed price incentive, _

firm target contract with an award fee provision to Hughes for

FSD.

Raytheon was selected as the follower for AMRAAM and is

currently learning development and production techniques and

providing technical assistance to the government. Raytheon also

will coassemble test articles and early production missiles. A

separate engineering support contract was awarded to Hughes for

technology transfer to Raytheon. Long lead purchases to support

AMRAAM production are planned for FY84. Competitive production

awards are anticipated to begin in FY88.

It is too early to assess the relative benefits of the

AMRAAM leader-follower program; however, several points should be

highlighted. First, the contractors were asked to prepare

leader-follower plans and to identify and price proprietary data

while they were in a competitive design environment. Second, the

two contractors were selected by the government and are under

prime contracts. Third, the techno]ogy transfer activities were

initiated pr'or to production.

Other programs have enjoyed considerable success with

the leader-follower technique. The Army Missile Command success-

fully implemented leader-follower programs on TOW and SHILLELAGH.'

J. A. Muller, "Competitive Missile Procurement,"
Army Logistician, Volume 4, Number 6, November-Dec'ember 1972.
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Net savings attributed to this program are $44.9 million.

Successful technology transfer, qualified second producers, and

high volume production buys are cited as key factors contributing --

to its success.

I. S

2.4 LICENSING

The licensing technique of establishing competitive

production sources normally involves inclusion of a clause in the

developer's contract enabling the government to conduct

competition for production quantities, select a winner, and

appoint him as a licensee. The developer or licensor is directed

by the government to provide technical assistance and

manufacturing data to the licensee in exchange for royalties or

fees. 8

The program manager must recognize that, if a licensing

technique is employed, the system developer retains rights to

proprietary data and maintains system responsibility. The

developer grants permission to manufacture the system to the

licensee through a license agreement. The agreement normally

restricts use of the technology to the specific progcam.

3...-3 .-.

8 For a mo.e detailed discussion of licensing, see:
Gregory A. Carter, "Directed Licensing: An Evaluation of a
Proposed Technique for Reducing the Procurement Cost of
Aircraft," Rand Corporation, December 1974.
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Early applications of the licensing technique involved

the use of a license clause in the developer's FSD contract.

Recent licensing efforts, such as the cruise missile engine, have

been initiated when no provision was included in the development

contract. In addition, recent programs have involved developer 6

selection of the licensee.

Advantages of the Licensing Technique

The licensing technique to technology transfer

presents several advantages. The use of a license clause enables

the program manager to maintain the potential for competition

throughout the production phase of a program. The potential for

competition may serve as sufficient motivation to the system

developer to control costs, quality, and schedule without

actually transferring technology.

In addition, the license approach enables technology

transfer to be achieved with little program office involvement.

Thus, the administrative burden on the program office is less

than the burden associated with other techniques.

Inclusion of the license clause in the development

contract establishes the potential for production competicion

early in the program. Detailed decisions on subcontractors and

production splits can be determined as the program evolves.
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Thus, the program manager has ensured the potential for -

competition, while not committing a large amount of funds. --

Disadvantages of the Licensing Technique

The primary disadvantage of the licensing technique is

that the system developer retains proprietary control over the

design. This may complicate selection of the licensee, since the -Q

full data package cannot be released. Furthermore, the

restrictions placed or the technology inhibit application of the

technology to other projects. Thus. under a licensing technique,

technical transfusion is slower than under other techniques where

the government procures unlimited data rights.

In addition, the use of royalty fees increases the cost

of the second source's end items and may preclude the second

source from attaining competitive prices. The second source also

may be faced with an uncooperative licensor. Under a license

approach, motivating the developer to assist the licensee may be

difficult.

Finally, under a license approach design accountability

could become a complex problem, The program manager may be Laced

with a situation in which the licensee wins the entire production

award but the system developer retains configuration

responsibility. In such a circumstance, design accountability .

could be complex, since the developer is no longer under

contract.
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An Example Licensing Program

A licensing technique was employed by the Joint Cruise

Missiles Project (JCMP) to establish a second source for the

cruise missile engine. Approximately 4,000 engines were planned

to be produced for the air launched, sea launched, and ground

launched versions of the cruise missile. In late 1977, the JCMP

initiated efforts to develop a second source to ensure adequate

supply of the strategically important engine. Williams Research,

the engine developer, could not achieve the projected production

rates, due to capacity limitations.

Initially, Williams resisted second sourcing,

indicating that the engine incorporated extensive proprietary

data. Williams reluctantly agreed to a licensing arrangement and

selected Teledyne as the licensee with JCMP concurrence. The

license agreement established Teledyne as a subcontractor to

Williams. Williams was responsible for technology transfer and

production qualification of Teledyne.

The license arrangement allows the government to

procure engines from Teledyne, through Williams, when delivery

requirements exceed 20 engines per month. The license

arrangement also includes the payment of royalty fees to Williams

from five percent on the first 500 engines procured from

Teledyne, down to zero fee for quantities above 6,000 engines.

2-16



The key feature of the cruise missile engine project is

the program goal of assured supply. As described, the program is

not structured for truly competitive awards; however, the program

did succeed in establishing a second supplier, in spite of

vigorous resistance by the engine developer.

2.5 CONTRACTOR TEAMING

Contractor teaming involves selecting a team of two

major contractors to design and test a system through FSD. Each

team member designs and fabricates subsystems and components of

the system. The contractors then exchange design and

manufacturing data with each other, so that both contractors are

capable ot producing the entire system. Following qualification, . U

the team is split apart for competitive production.

The contractor team can be established in either of two _.

manners. A prime contract can be awarded to one of the

contractors, specifying that a subcontract be awarded to the

other team member. This has the disadvantage of establishing one

of the team members as a prime contractor. Another method ;s to

allow the contractors to form a separate entity or joint venture,

which has the advantage of maintaining both contractors in

equally responsible roles.
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Advantages of the Contractor Teaming Technique

The teaming technique is attractive because of the

direct contractor-to-contractor relationship. Technology

transfer is achieved during the development phase, in which each

contractor must rely on the other to supply critical subsystems

and components. This reduces problems associated with

proprietary data claims.

This mutual reliance also provides an incentive for

contractor cooperation and enhances qualification of two sources

simultaneously. The simultaneous qualification of both producers

establishes a competitive environment at the beginning of

productio, n "er!•- theAir•m .- P• pxhnnga of technical data

- limits government involvement and liability associated with

technology transfer.

In addition, the team development of the weapon system

enables the program to benefit from the design talent of both

contractors. This may improve the technical characteristics of

the system or enhance the development of innovative designs.

Disadvantages of the Contractor Teaming Technique

Associated with the apparent advantages of teaming are

disadvantages. Until recently, contractor teaming was viewed

with suspicion, due to potential antitrust problems. The program *

2-18
_



manager still must consider this potential and seek legal counsel

during the initial development of a teaming approach.

In addition, the contractors may view specific

manufacturing processes as proprietary or trade secrets and thus ,

not exchange all necessary manufacturing data. Once the team is

split, the contractors have no motivation to continue

cooperating. This potential problem can be minimized by . 3

maintainina the contractor team until both contractors

demonstrate production capability.

The teaming techniq'2: is a complex undertaking, even if
-h~ -- ~,4 ~ ~ l~a~i ,.4- -. _ r -

---------------------- o---------------------------------"----

manager must anticipate the involvement of two contractor

management structures, provide for review of two facilities, and

consider the potential geographic separation of the development

effort. These factors will increase the administrative burden on

the program office and complicate program management. In

addition, the development effort may be more costly, due to the

involvement of two contractors.

The teaming technique also presents risk that, during

development, the joint venture team may behave as a single entity

and attempt to exercise monopoly power. The program manager must

recognize that the team does represent a single developer and the

benefits of competition may be limited by team actions during

development.
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An Example Contractor Teaming Program
O

The Airborne Self-Protection Jammer (ASPJ) is an

ongoing example of contractor teaming. The ASPJ is an onboard

defensive electronics countermeasure (ECM) system used in

conjunction with a warning receiver and expendable dispenser.

The ASPJ will provide an advanced ECM suite for the F-14. F-16,

F-18, EA-6B, and A-6E aircraft. As such, the ASPJ is viewed as

the major ECM endeavor for the next two decades.

Contractors were asked to team for the ASPJ validation

effort to ensure industrial, vitality. Three contractor teams

competed during the erlv dpnian phase of the vrocram. The

ITT-Westinghouse joint venture was selected to proceed into FSD. L

ITT and Westinghouse provide key management personnel to the

joint venture, and support it through FSD and initial production.

Although it is too early to assess the success of the

ASPJ contractor teaming, several key factors should be

highlighted. First, the ASPJ program successfully incorporated

design competition and production competition by involving

multiple contractor teame in validation. Second, the "

ITT-Westinghouse arrangement involves a joint venture. Third,

the team concept was employed on ASPJ for industrial base

considerations.

2
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2.6 COMPETITION AT THE LOWER TIERS

There is increasing concern over the effectiveness of

production competition at the prime contractor level. This

concern arises from the contention that the value added at the

prime contractor level is dccreasing due to the increasing

subcontracted portion of weapon systems. A review of the DoD

FY62 procurement of missiles, aircraft, aircraft engines, and S

electronics indicated that approximately 50 percent of the

equipment value was subcontracted for major equipment and
9

material purchases. Recent estimates of the amount of .. - -

subcontracting on major systems range from 60 to 75

percent. 10

It is argued that competition at the prime contractor

level will have little effect if a large portion of the system is

subcontracted, since the contractor would control only a small

portion of the cost. Rather, greater production competition of

key subsystems has been advocated as a means to maximize the

benefits of competition.

The OSD recognizes the potential benefits of increased

subtier competition, as evidenced by the Deputy Secretary of

9 "Analysis of Extent of Competitive Procurement by
DoD Prime Contractors," Logistics Management Institute, January
1964.

1 0 "The Economics of Second Sourcing in the
Aerospace Industry," Trainor Associates, Inc., April 1983.
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Defense Memorandum, "Increasing Subcontract Competition," 5 April.

1984. The memorandum identifies a general. set of circumstances 0

under which subcontract competition may be employed effectively.

These circumstances include the following:

* When there are high-priced components.

* When quantities being procured are sizeable.

* When the requirements for the item are expected to
continue for a considerable period of time.

* When it has been assured that the existing
subcontractor possesses standard manufacturing
techniques required for production of the item and
has no proprietary rights for the component being
considered. (If the subcontractor possesses
exclusive manufacturing techniques or has
proprietary rights, downstream subcontract
competition may still be pursued if economically
feasible or in the interest of industrial
mobilization.)

* When to do so would fulfill a need to enhance the
industrial base or mobilization capabilities, or
when future requirements are expected to exceed
planned subcontractor capability.

0 When there is a problem, or a potential problem,
in performance of the major end item that can be
attributed to the subcontracted item. Use of
another subcontractor with better manufacturing
capability or technical expertise could resolve
the problem.

0

In addition, the memorandum presents five possible

methods of increasing subcontract competition. These include:

* Directed Subcontract Second Sourcing - Contract
provisions can be negotiated that require
competitive purchase of specific subcontracted
items. These items can be identified during .
preaward review of the contractor's "make-or-buy"
plan.

0 Use of Award Fee Provision - Award fees can be 9
used to motivate prime contractors to increase
effective competition at the sibcontract level.

2--22



These fees should be tied tc established subcontract
competition goals based upor. historical data.

"* More Detailed Analysis of Subcontractor Proposals-
During negotiations, the prime contractor could
be required to provide the rationale for not
competing subcontractor requirements.
Subcontractors whose pricing trends are
unsatisfactory could be challenged by the £
government.

"* Increased Emphasis on Contractor's Procurement
System Reviews - Contract Administration Offices
could review prime contractors' procurement
systems with the intent of emphasizing needed
improvement in subcontractor competition, as well
as improved subcontractor negotiations.

"* Source Selection Criteria - For competitively
negotiated contracts based primarily on nonprice
considerations, the extent of competition in
subcontracting can be made a part of the source
selection criteria. This should be in instances
when it is determined that effective subcontract
competition is both feasible and desirable.

Production competition at lower tiers can be effected

in several ways. The prime contractor can conduct the

competition, perform source selection, and procure the

subsystems. In this case the contractor assumes full

responsibility for the equipment and for qualification of the

second source. The subsystems are integrated by the prime and 6

delivered to the aovernment as contractor-furnished equipment

(CFE).

Another approach to subtier productior competiticn

involves greater government participation. The ptogram manager

could identify key subcontracted subsystems and break them out

for procurement directly from the supplier. The items would then

be provided as government-furnished equipment (GFE) to the prime
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contractor for integration. This approach enables the program

manager to obtain competitive prices for the subsystem while

reducing the overhead and fee layering of the prime contractor.

The program m&nager could pursue production competition for the "

subsystem by any of the technology transfer techniques.

There are disadvantages associated w.th the GFE

approach. It may require an increase in project office personnel

to manage the two equipment suppliers, in addition to the prime

contractor. Government administration is further increased by

the requirement to perform acceptance tests of the subsystem. In

addition, gove-nment risk and liability is increased by

government certification of the equipment. If the prime

contractor encounters difficulty in integrating the subsystem,

the government may be held responsible for deficiencies in the

GFE.

Despite these potential problems, subsystems have been

competed successfully in the past. An example of a competitive

GFE effort is the Advanced Concept Ejection Seat (ACES II),

developed in the early 1970s for the F-15, F-16, and A-10

aircraft. Based upon a projected high volume production phase,

the Air Force began planning for competitive production while the __R_

program was still in the competitive design phase.

A leader-follower technique was employed on the ACES

II. Douglas Aircraft, the developer and lead company, prepared a

leader-follower plan as part of its development and initial
2-24



production proposal. Weber Aircraft Company selected by Douglas

as the follower subcontractor, successfully produced and tested

four seats by early 1979. To provide Weber with greater

production experience, the Air Force directed that 20 percent of

the FY80 and 50 percent of the FY81 procurement quantities be

subcontracted to Weber.

The leader and follower contractors competed

head-to-head for the FY82, FY83, and r',84 procurements. The

source selection decision was to split the requirements and award

each source a prime contract. This decision marked the end of _A

the leader-follower concept, as the follower successfully

competed with the leader. The Air Force now has two qualified

• V

Subtier competition presents advantages similar to

prime contractor competition; however, different implementation

approaches should be anticipated by the program manager. The two

approaches should be viewed as complementary, rather than as

exclusive, methods. For example, one problem encountered on

prior prime contractor competitive programs was -he reliance of

both prime contractors on one supplier for a critical subsyster.

or component. This potential probler,, can be minimized by

establishing alternative subsystem suppliers and competition at

the subcontractor or supplier level.
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2.7 SUMMARY OF TECHNIQUES

This chapter has provided an overview of the various .

* techniques that have been used to establish competitive

production sources. In addition, the advantages and

disadvantages of each technique have been discussed. The

importance of subtier as well as prime contractor competition has

been reviewed. Recent DoD emphasis on increased competition has

been summarized.

PL The next chapter, Chapter Three, presents the

significant variables associated with production competition and

the relative assessment of the various techniques in relation to

the VaLiails. -
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3. PRELIMINARY SCREEN OF PROGRAMS FOR COMPETITION

,0

Production competition is a complex undertaking

requiring detailed and rigorous analyses of the economic,

technical, and programmatic aspects of a particular program. The 0

program manager would benefit greatly from a simple framework

that highlights key variables and identifies critical areas for

further analysis. -
...

Such a framework has been developed and published by

Sellers and Parry. The framework can be used in a

subjective manner by the program manager to conduct a preliminary

investigation of the potential for production competition. In

addition, it can be used to highlight key areas and to provide

the program manager with an understanding of critical

variables 2

The remainder of this chapter will present an

adaptation of the Sellers-Parry framework. The adaptation is

intended to provide the program mianager with a systematic

approach to reviewing the suitability of a program for production

1 Benjamin Russell Sellers, "Competition in the
Acquisition of Major Weapon Systems,"' 1aval Postgraduate School,
September 1979.

Dennis S. Parry, "Second Sourcing in the Acquisition .

of Major Weapon Systems," Naval Postgraduate School, June 3979.
2 This framework has been republished by Sellers,

"Second Sourcing--A Way to Enhance Production Competition,"
Program Manager, May-June 1983.

3-1 t--



competition. In addition, it can assist the program manager in

establishing a relative ranking of the techniques of establishing

production competition, based on program circunstances. Finally,

the adapted framework can be used to support preliminary planning

for production competition.

The variables in the framework include the following:

Economic

* Total quantity

* Production duration

* Progress curve

* Tooling and test equipment costs

* Contractor capacity

Technical

* Technical complexity

e State-of-the-art

* Potential for other applications A

* Privately funded research and development

Program

* Maintenance requirements

* Production lead times

• Degree of subcontracting

* Contract complexity

Following a brief definition of these variables, the

relationships between tht variables and the various techniques of

establishing competitive production are discussed.
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3.1 ECONOMIC VARIABLES

The economic variables include those factors that would

be involved in a cost-benefit analysis. A more rigorous

consideration of these variables is presented in Chapter Four.

This section presents the relative influence of the variables on

the potential for competition. The variables include the

following:

"* Total Quantity -- In general, the larger the
quantity to be procured, the greater the potential
for production competition. The total quantity
must be large enough to allow the program to
recoup the initial investment in the second
source.

"* Production Duration -- In general, the longer the

production phase, the more attractive production
competition becomes.

"* Progress Curve -- The progress curve represents .0
the relationship between unit cost and cumulative
quantity. If unit costs decrease rapidly as
cumulative quantity increases, the second source
may not be able to compete effectively with the
more experienced original producer. Hence, . -

production competition may not be attractive.
Conversely, the flatter the first source's
progress curve, the greater the potential for
production competition.

* Tooling and Test Equipment Costs -- The
establishment of a competitive production program
frequently will require an investment in special
tooling and test equipment for the second source.
The more these costs incrc.ase, perhaps due to more
sophisticated equipment, the less appealing 1
production competition will appear.

• Contractor Capacity -- The availability of
production capacity may be an important factor in
the production competition decision. For example,
a system developer may not possess enough capacity
to ensure timely delivery of a strateg4 cally
important system or subsystem. On the other hand,
if the system developer possesses excess capacity,
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splitting the production run may increase costs
through increased overhead per unit.

As described, the economic variables are closely

related and often interdependtent. Furthermore, the program

manager must make a subjective assessment concerning the slope of

the learning curve and the magnitude of anticipated tooling and

test equipmenc zosts. On the other hand, the program manager

should have an inventory objective and production schedule. For

all variables in this preliminary screen, the program manager

should compare the program's values to other similar programs.

In this manner, the program manager can judge the relative values -

of the variables without undertaking detailed economic analysis.

3.2 TECHNICAL VARIABLES..

In addition to economic issues, the program manager

must investigate the relationship of other critical issues to the

producticn competition decision. The technical characteristics

of the weapon system often are crucial considerations in the

production competition decision. In addition, the technical

nature of the equipment is a primary determining factor of the

technology transfer method. The technical variables include the 7

following:

0 Technical Complexity -- The complexity ot the
equipment refers to the number of external and
internal interfaces, as well as the degree of
software dependency. The more complex the system
is, the less appealing production competition
appears. Furthermore, technology transfer
techniques that involve direct contractor-to-
contractor exchange are preferred for more complex
systems.
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* State-of-the-Art -- If the technology employed in
the system is pushing the state-of-the-art,
technology transfer is difficult to effect and
production competition is difficult to establish. 0
Extensive assistance from the system developer to
the second source may be required to achieve
technology transfer.

0 Potential for Other Applications -- If the systemn
or technology embedded in the system has potential 0
for other government or commercial applications,
industrial interest in the project may be
heightened, leading to intense competition between
potential second sources. On the other hand, the
system developer may resist competition and
attempt to protect the firm's interests in the , 0
project or technology.

* Privately Funded Research and Development -- The
development of modern weapon systems frequently is
achieved through a mix of government and
contractor funding. Thus, a system developer may W
have legitimate proprietary claims that must be
recognized by the program manager. The greater
the contractor investment in the weapon system
development, the more difficult it is to secure
unlimited riihts tn rpquired technical data.

A review of these technical variables can provide the

program manager with useful insights concerning the relative

attractiveness of production competition and the applicability of 0

the technology transfer techniques. For example, if the program

manager knows the program involves a complex, state-of-the-art

system, the TDP technique may not be applicable. Further 9..

analysis of the TDP technique may not be required. These issues

are conuidered in more detail in Chapter Five.

3.3 PROGRAM VARIABLES

In addition to the technical characteristics of the

equipment, other program issues may affect the attractiveness of
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production competition. These issues include the following:

* Maintenance Requirements -- The introduction of a
second production source may lead to the fielding
of two configurations, thus the system maintenance
concept should be reviewed with respect to
production competition. Often, the system
maintenance concept is not defined early in the
program design phase. This allows the program
manager to investigate equipment commonality
trade-offs between the producers, considering the
maintenance concept. If the maintenance concept
is defined, the level of equipment commonality
consistent with the concept may determine the
method of technology transfer.

0 Production Lead Times -- Production lead times are
a key determinant oi the timing of initial
production coinpetition. Once qualified, the
second source cannot be requested to bid
competitively before pioducing the end items at
rate and delivering such items. If production
lead times are long, the initial competition may
be delayed and competition becomes less
attractive.

K * ~~~Degree of Subcvntractin -Th egeeo
subcontracting also may be a key production
competition decision variable. Lower tier
constraints may force both prime contractors to
procure subsystems from the same suppliers. This
would diminish, but not eliminate, the potential
benefits of competition. Similarly, if a large
amount of the weapon system is subcontracted,
prime contractor competition may be ineffective,
since the contrac-;or controls only a small portion
of the cost.

* Contract Compjexity -- The more complex the
original production contract is, the more
difficult implementing production competition
becomes. The use of incentives, warranties,
goals, and thrcsho.ids on the oriJinal contract
increase the comple-ii-y of establishing a
competitive production program. Comnpettion often
requires incentives and claui;es to oe included in -A

the developer's contract. Tie inciuic~n of many
incentives or goz.ls may force the contractor to
trade off selected incentives.

S

These variables present the key issues the program .

manager should review in initially addressing tho prnduction
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competition decision. A more detailed analysis would consider

issues such as funding, program advocacy, and scheduling. These

issues are discussed in Chapter Six.

3.4 A PRELIMINARY SCREEN

The economic, technical, and management variables can

be used by the program manager to investigate the relative

attractiveness of production competition and the relative

strengths of the various technology transfer techniques. In a

preliminary investigation, a detailed consideration of each

variable is not possible. In fact, if the program manager

undertakes this preliminary investigation during concept

validations many of the variables will not be defined. This

limitation requires the program manager to employ a more

subjective approach which allows the identification of critical

issues without becoming weighed down in detailed analyses.

The following five-point evaluation system can be used

to rank the effectiveness of alternative techniques in relation

to the key variables:

* * for a partic.ularly preferred method

* + for strong effectiveness

* 0 for neutral

* - for weak effectiveness

0 x for a particularly inappropriate method
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The assessments of each variable in relation to the

various technology transfer techniques are presented in Table
- .•

3.4-1. The program manager is cautioned that the variables are

not additive. Any particular variable could either preclude

competition or serve as an overriding justification to pursue it.
, •

Rather than proposing a deterministic model, the framework

presents a simple method that allows the program manager to gain

an overall view of the potential effectiveness of production

competition in relation to a particular program.

° .

U -J---

ir
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TABLE 3.4-1
SUMMARY OF PRELIMINARY SCREEN

PRODUCTION COMPETITION METHODDecision Form Technical
Variable Fit Data Leader- Contractor

Func4 ion Package Licensing Follower reaming

IECONOMIC
Quantity

High + + + + +
Medium + + 0 0 +
Low 0 0 - - 0

Curaticn
Long + + + + +
Medium + + 0 + +
Short 0 x x 0

Tool.ng Cost
High - - - x
Low + + + + +

?rogress Curve
r Steep - - - 0 0

Flat + + + + +
Contractor Capacity

E x c e s s .-..
Deficient + + +

TECHNICAL - -
Complexity...

High 0 x + + - "0
Medium + - + + +
Low + + + + +

State-of -the-art
Pushing 0 x + + *

Within + + + +

Other applications 0.+
Yes + 0 + 0
NC + + + + +

Private R&D
High 0 x 0 -

Low + 0 + + +

PROGRAM.
Maintenance
Requirements

Complex x 0 0 0 0
Nominal -+ + +

Production
Lead times

Long - .
Short + +

)egree of
Subcont -acting

Heavy 0 - '

Light + + +
Contract
Complexity

Complex
Simple + + + +
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The general assessments presented in Table 3.4-1 are

based upon the definition of the variables and the experience of

prior DoD programs. For the most part, the framework presents

assessments that could be deduced from careful reasoning. For

example, if significant maintenance requirements are anticipated,

an F3 approach is not recommended. This is based upon the

internal design freedom afforded the second source. Similarly,

if the system either is pushing the state-of-the-art or is highly

complex, contractor teaming may be preferred. This is due to the

direct contractor-to-contractor involvement under a teaming

approach. In addition, a leader-follower or directed licensing

approach also may be applicable for highly complex systems, due

to direct contractor-to-contractor technical exchange.

Given these considerations, the program manager should

focus on identifying relative, but realistic, variable assessment

values based upon the particular program. The framework can

provide useful management insights, but it is limited by the

validity and rigor of the values. If the program manager

exercises sufficient care in assessing the variables, the

framework can identify critical areas for further research.

Thus, to employ the framework, the program manager must

undertake some limited preliminary analyses. These analyses may

assess the program's progress curve or rank the technical

complexity relative to prior production competition programs.

Following this, the program manager can use Table 3.4-1 to

investigate the potential for competition. If the variables
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overwhelmingly favor a particular approach or approaches; those

areas should be investigated in detail, as described in Part II.

If the variables overwhelmingly indicate that competition is not -

applicable, the program manager may begin to investigate other

methods to control costs, or the program manager may seek to

overcome those barriers to competition which were revealed by the S

preliminary screen.

3.5 EARLY PLANNING

The results of the preliminary screen can be used to

support early program planning for production competition. This

will ensure that early activities enhance rather than preclude

future produuLitoi competition. If the pteli-inary navysis.

indicates that production competition may be promising, the

program manager should undertake the following:

"* Secure unlimited data rights from the system
developer by including a data rights clause as an
option on the development contract.

"* Assess the potential for second source interest in
the program by conducting preliminary market
surveys.

* Include anticipated funding requirements in the
POM and FYDP.

* Investigate special tooling and test equipment
requirements.

0 Identify critical constraints to production
competition.

These activities can be accomplished at little cost, while

enhancing the ability of the program manager to implement

production competition later, if the detailed analysis indicates

competition is likely to be benefizial.

3-11



PART TWO

EVALUATION OF PRODUCTION COMPETITION

4. ECONOMIC ANALYSIS

5. TECHNICAL ANALYS!S A-4

6. PROGRAM ANALYSIS

7. EVALUATION SUMMARY
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4. ECONOMIC ANALYSIS

Production competition is a complex undertaking

requi.ring detailed economic, technical, and program analyses

based on spl-cific program circumstances. The results of these

analyses are crucial to the succassfrl planning and

implementation of production competitiin. Chapters Five and Six

present techn-cal and program analyses. T'h5s chapter presents

the economic analysis of pioduction competi'..ion, incliJ.ing the

following:

* Ovarview of economic analysis

* Key eco:nomic variables

k . dA (.L U LCX L A.Q3 o I ..j L: 1- 1.s~ 1-7' V 4C

comL..etiticln

* Uncertainty ar.d sensitivity analysis

* Compucer assista.Ce

Tho OSD CAIG Approac"

£ nrhe OSD PESO Appicach

4.2. OVERVIEW OF ECONOMiC ISSUS AND PROCESS

TQ evaluate the economic effectiveness of production

comp;tition and to differentiate between alternative competitive

strateqies, the program managez must vier zompetition as an

investment decision. The key elements of thc investment equation - I
are re'_uced unit procureme±.t costs, increased up-front costs, and

increased government admini_-tration costs. In addition, the
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potential effects on logistic support co~ts must be considered.

This trade-off is unique for each program, being determined by

program circumstances.

This chapter presents an approach which can be used by

the program manager to perform an economic analysis of the likely

value of production ccApetition. The approach concentrates

slsrictly upon program-specific features. Broader concerns, such

as a technically enhanced industrial base, overhead absorption,

dnd company-funded research and development are not addressed.

Those issues are economic in nature and possibly could by.

quantified; however, they are associated with defense industrial

base policy and are better addressed by policy makers on a

DuD-widt- lt.vei.
_0

The economic analysis described in this chapter can be

employed by the program manager in any phase of the acquisition

cycle. The confidence that the program manager places in the

results of this analysis should be determined by the accuracy and

ademuacy of the data input to the analysis. 'he early

development phase, the program manager may u-,L Ake this

analysis to support early planning with little emphasis placed on

budget development. As the system progress-- through its

development cycle, the program manager should undertake

additional analyses to refine the pLogram plan and to support

budget aubmissions. Thus, the program manager should view the

economic analysis of production competition as a continuous

process, as presented in Figure 4.1-1.
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Figure 4.1-1 Economic Analysis of Production Competi*tion

The program iwianager also should note that as a system

advances in development, the reliability of the cost and

technical data associated with the system increases. As

confidence in available data increases, the economics of the

production competition decision can be reviewed in several ways.

Two ways cf assessing production competition are presented; the

net present value approach and the OSD approach, following a

detailed discussion of the key economic variables.

4.2 KEY ECONOMIC VARIABLES

Numerous costs and benefits have been attributed to

production competition. This chapter will concentrate on those

variables that directly influence a program manager's assessment
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of production competition, including the followinq:

• Nonrecurring cost

* Single source recu-cing production costs

0 Original source recurring production costs

* Second source recurring production costs

0 The effect of production rate on unit production
cost

0 Government administrative costs

a Logistic support costs S.

• The use of a discount rate

Nonrecurring Costs

Certain nonrecurring costs are associated with the

• b~dAui shijent o- prod uctio ' .-. •tit.. ~..

incurred early in the program, it is important that these costs

be reviewed and estimated with care. The nonrecurring cost

elemeits associated with production competition include the

following:

"* Contractor research and development

"* Technology transfer

"* Production qua)ification of the second source and
its suppliers

"* Additional capital equipment, test equipment, and

tooling

"* Government and contractor management

* Facilities costs (if applicable)

Contiactor research and development costs refer to the 9

costs associated with efforts undertaken by the second source to
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translate and utilize the design specifications. This may

require reverse engineering of selected components. In addition,

research and development efforts may be undertaken to redesign

components or subsystems which the developer has claimed as

proprietary.

The program manager should note that different

technology transfer techniques may have different contractor

research and development costs. For example, a torim, fit, and

function (F 3 ) technique may require a substantial amount of

contractor development. Similarly, a technical data package

(TDP) technique may requiire reverse engineering. In contrast, a

leader-follower approach should not require as high a level of

contractor development as the other two techniques.

The technology transfer costs are determined by the

competitive production technique which is employed. In the case

of a TDP technique, these costs include developer preparation and

government qualification of the TDP. In the case of a

leader-follower technique, these costs include the cost of the

leader's assistance to the follower. Under a licensing

agreement, a royalty may be involved.

The costs associated with production qualitication of

the second source and )-elated suppliers also must be estimated.

These costs include the coSt of items fabricated by the second

source for qualification and the cost of government test

facilities and personnel.
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Additional capital equipment, test equipment, and

tooling costs must be calculated also. It is often assumed that

these costs are twice the capital costs of a single source

approach. This assumption may be useful for early assessments;

however, it ignores the effect of rational production planning.

An estimate of capital costs should reflect the

existence of two production lines, each one smaller than that

establ~shed under a single source approach. Thus, if procurement

quantities of 1,000 units per year are anticipated, a single

manufacturer would tool a line to be efficient at 1,000 units per

year. If two manufacturers are producing the same 1,000 units

per year, they should tool their lines at less than 1,000 units,

perhap-c 700 ,unit-s eyer--

In addition, the capital equipment dedicated to a

progiram by a particular contracto- includes general purpose

"v•quipment which the second source may already have on-line. If

the equipment must be procured, the contracting office will need

to determine which costs, if any, are allowable for

reimbursement.

Specialized test equipment is the key cost element in

the capital equipment category. For complex systeiwis, quality

control req.ires that the developer and the second source use --.-

identical test equipment. This establishes a requirement for

dunl'icative sets of test equipment down to the lowest level.

4-6
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Fortunately, this cost is also the easiest to estimate, since the

developer's test equipment is priced in the development contract.

Government and contractor management costs reflect the

additional government cr developer administration associated with

solicitation, selection, and award of the second source contract.

Incremental program office perconnel costs incurred during

learning and directed buys are included in this category. --

These nonrecurring cost elements may appear to be

clearly defined and jistinguishable from one another. InL
reality, the costs are often ill-defined, highly aggregated, and

difficult to estimate. For instan-e, the second source may be

awarded a single contract to produce several items fot.

qualification. Included in that contract price are costs

associated with research and development, fabrication, and

qualification. Of course, delineation of the specific cost

elements is unnecessary in a particular case as long as all cost

elements are reflected in the estimate.

T able 4.2-1 presents a matrix to assist the program

manager in tabulating nonrecurring costs. The table includes

fiscal year spreads in order to enhance budgeting and

discounting.
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TABLE 4.2-]
NONRECURRING COSTS

-Fiscal Year

Cost Element FYXX FYXY FYX% Total

Contractor R&D -

Technology Transfer _____

Qualification of
Secon~d Production[ ~~Source __

Capital Equipment
and Tooling

Special Test. Equipment ,.1

Government &
Contractor
Management

Total .

Sintle Source Rec-urrn . Production Costs

Recurring production costs for defense wea-),)n systems

are estimated in a variety of ways. on(- condon e-ti rfiag !rq

technique is the progress curve.. A progress curve rerrcsents the

percent reduction in unit cost or price as a result of scnwe

f-
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1
percent increase in production quantities. The convention

used is to indicate what percent reduction in unit cost would S

occur based on a doubling of production quantity. For example, -.

1if production unit number 1,000 of a missile program costs

5500,000 and the progress curve is 80 percent, one would predict

unit number 2,000 to cost 80 percent of $500,000 or $400,000. A

typical progress curve is shown in Figure 4.2-1.

C,,

z

50 100

QUANTITY

Figure 4.2-1 Progress Curve

Different authors use different terms, sometimes

* interchangeably, when discussing progress curves. Otnue

terms include "cost improvement curve," "learning curve," and

"experience curve". The term "progress curve" is used in this

handbook to distinguish it from the learning curve. The latter

implies reductions in labor hours due to worker learning. The -_

rThe concept of a learning curve was formulated by

T. P. Wright in 1936, based upon the manufacturing labor hours of
airframes. Since this early development, the concept har beer S
expanded by several authors to include price-quantity
relationships. See for example, "Perspectives on Experience,"
Boston Consulting Group, 1968.
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progress curve includes all recurring costs, amortized capital

cost, overhead, and profit. Thus, the progress curve presents

the unit cost to the government (or contractor price). This

distinction is crit tally important with respect to the

competition analysis. Prior studies of production competition .

have documented changes in contractor price behavior due to

competition, but they have not analyzed labor or production

behavior changes under competition. Therefore, the learning

curve concept is too narrow to use in the analyhis. A detailid

discussion of progress curves is presented in Appendix D.

Single source recurring production coats can be 0
2

estimated directly from the unit cost progress curve.

Typic.aIIv. these costs will be estimated by comptroller or

program office personnel and used as the program baseline. The 0

unit cost progress curve formulation is given by equation 4.2-1.

Z = A-XB (4.2-1)

Where:

7 - unit cost of the item number X
A - first unit cost
X - cumulative quantity produced
B - exponent which describes the slope

of the progress curve, defined
as the In (progress rate)/ln(2)

The single source cost could be estimated by summing up

all individual unit costs associated with a given production run;

however, this process would e laborious and time consuming.

2 The unit cost formulation is used in assessing
production competition because it teveals changing cost behavior 0
more readily than the cumulative cost formulation. For a more
detailed discussion, see Appendix D and: Lou Kratz and Larry
Cox, "Analysis of AMRAAM Acquisition Alternatives: Phase II,"
The Analytic Sciences Corporation, May 1982.
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Fortunately, the program manager can simplify the computations by

noting that the progress curve is a continuous function. Thus,

the area under the curve is the total cost for a given number of

units produced, as illustrated by Figure 4.2-2.

A

k ZI
C.

S"

I/ ,,.7 7i

K N

CUMULATIVE QUANTITY

Figure 4.2-2 Single Source Recurring Production Costs

As the number of units produced increases, the unit

cost declines, based upon the progress curve formulation. The

unit cost curve is derived from equation 4.2-1. using the

progress curve exponent, B. The curve crosses the vcrtical axis

at point A, the first unit cost. The total cost of producing

N-K+1 units is the shaded area, which shows the cost curve from

unit K through unit N.

Using this approach, the total cost may be found by

usirg integral calculus to estimate the shaded area, as shown in

equation 4.2-2.
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C(K,N) A NB+l -KB+l -2)( ,N K (4.2-2

where: C(K,N) = the cost of producing all units
from K through N. Thus, the total
units produced in a lot = N - K + 1.

A = first unit cost 7.
B = in(progress rate)/ln(2)

One should note that the form of equation 4.2-2 is ..
.0

different than 4.2-1 in several important ways. The intercept

term, A, is now divided by one plus the progress rate, 1 + B.

Also, the exponent is 1 plus the progress rate, 1 + B. instead of

just B. These changes come about through integration of equation

4.2-1 (i.e., application of a technique in integral calculus).

The form of the equation represents tihe total cost or ptoduuiiiy N .

- K + 1 units. If one used equation 4.2-1 directly, it would be

necessary to calculate the cost of each unit, then sum the total

costs. Equation 4.2-2 allows immediate calculation of a very

close approximation of total costs.

To illustrate equation 4.2-2, a-.sume that first unit

cost is $10,000 and the progress rate is 90 percent. The cost of

the third production lot, which begins at unit 155 (K-155) and

continues to unit 210 (N=210), would be estimated as shown in

equation 4.2-3. The value B + 1 equals 0.848.

4
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(155,210) L0,000 [28.848 . 848 (4.2-3): .848 [ 155

Total Recurring Lot Cost $249,425

A total of 56 units are produced (N-K + 1 56) at an average

price of $4,454. The substantial decline in price from the first

unit price of $10,000 is due to the progress function.

Original Source Recurring Production Costs

Conipetitive ":ecurring production costs also are

estimated using p::ogres-; curves; however, changes to the progress

competizive en'vironment. Fuc. :hermore, costs ku.t be ?stimated

for two contractors, the developer a;nd ths second source. 51
Prior empirical studies have indicated that continuous

production competition leads tn rmanes in the pzice behavior of

the original producer. These stulies .suggest that when

competition is introduced into a previously single source

program, the original producer m%. offer an immediate price

reductIon. This -s shown as a downward shift cf the producer's

progress curve. Furthermore, the empirical research indicates

that the original producer, faced with annual recurpetitions.

continues to offer price reductions at a faster rate than would

be expected from the previously demonstrated pzogrcss curve.

These reductions are .;hown as a rotation of che original
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produc r's progress curve. Given this behavior, the costs of the

original source's production can be presented as shown in Figure

00

Fqr o.- riginal Sources peurn roduction Cost

B 4.2-3. upon eqaio_.-2 _hoiialpodcrsotcnbF--

A' N + ' r B + ( )B + 4 2 4

(0/

S~~PROJECTED SINGLE"

AA - single source ald ipid ctJtt

I-.Q

L CUMULATIVE QUANT!TY

Figure 4.2-3 OrigInal Source Recurring Production Costr

Based upon equation 4.2-2. the original producer's costs can be

esi1m4,teQ by integrating the original proyress curve and the q

competitive curve. This is shown in Equation 4.2-4.

FO=B- - + A'+ [wB - N B' +NB~ 1B + (N-i (4.2-4)

r where :

C0 • total recurring cost of the original procucer

A,A' =single source and (implied) com'petitive -• t
first u•nit costs

b,B' ' single source aui. competitive progress rate

NM =last units produced soie source and -

compet it ively _I ~

IM-N = total units produced by the original producer
both single source and competitively

I I I I II1-II14I I
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The first half of equation 4.2-4 represents the total

cost of production during the sole source phase. The parameters

A and B and the production quantity N determine those costs. The

second half of the equation calculates the total production costs

(for this producer) under competi.tive production. The parameters

A' and B' and the production quantity M - N determine the

competitive costs.

The program manager must recognize that the magnitude

of the potential shift and rotation is dependent upon program

circumstances, including the following:

0 Intensity of the competition - If the original
producer perceives that the second source cannot
be competitive, perhaps due to inadequate
technology transfer, the original producer is less
likely to offer price reductions.

0 Timing of the competition - if the competition is
held e,-,ly in the production cycle when
producijility risks still, remain, the original
producer will be less willing to offer large price
reductions.

* Ability of the original produceL to reduce costs -

If the system was competitively developed and the
original producer has demonstrated adequate cost
control, the contractor may not be capable of
further price reductions. Conversely, if the
original developer has experienced significant
cost growth, competition may lead to greater
control and large cost reductions.

• System and manufacturing technolo y - if the
manufacture of the system requires complex
processes and equipment, the original producer may
be unable to offer large price reductions.
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The shifts and rotations ob3erved by one author on

prior tactical missile programs are shown in Table 4.2-2. 3

The large variance in ouserved shift and rotation should convince

the program manager that the use of average values ;s

inappropriate and that program circumstances must be considered. -

The programs shown in Table 4.2-2 involved different contractors

and different technology transfer techniques. Furthermore,

competition was introduced at different points in the production

phase for each program. The table is an example of the empirical

research that indicates the need for program-specific analysis to

determine the shift and rotation parameters appropriate to the

analysis at hand. The program manager is cautioned not to accept

simplistic averages. It is suggested that the program manager

asnume some reasonable set of parameters thaL adequately reflt.t.

program circumstances, then conduct sensitivity analyses.

It should be recognized that the cost base to which

competition savings apply is not necessarily the total ccst.

There may be vendor and lower ti-r costs which would not be

changed substantially by the use of competition at the prime

contractor level. If, for example, the vendors were already

producing at competitive rates because of other programs, there

could be few gains from additional competition. The prcgram

manager should determine, within reasonable bounds of estimation,

what the appropriate cost base is for competition analysis.

3Larry W. Cox and Jacques S. Gansler, "Evaluating

Lile Impact of Quantity, Rate, and Competition," CONCEPTS, The
Journal of Defense Systems Acquisition Manaqement, Volume 4,
Number 4, Autumn 1981.
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In relation to this point, it may be argued that

wherever prime contractors have a common vendor or supplier, that S

cost should not be considered as having a potential competitive cost

reduction. However, that argument overlooks the overhead and fee

which can be loaded onto the item's price and which can be 6

reduced for competitive advantage.

TABLE 4.2-2
OBSERVED SHIFTS AND ROTATION

Program Contractor Shift (%) Rotation (%)
(Downward) (Steepening)

SPARROW Raytheon 4 8

BULLP!'P Martin 14 13

TOW Hughes 15 32

AIM-9B General Electric 9 6

AIM-9C Raytheon 10 7

Second Source Recurring Production Cost

Costs for the second producer must be estimated also.

The undetermined issue is the second source progress rate and

first unit cost. Limited research has been performed in the area

of second source cost behavior. Recent studies indicate that the

second source may demonstrate a lower first unit cost and steeper

progress curve than initially demonstrated by the developer. The
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results of one of these studies are presented in Table
4

4.2-3.
0

TABLE 4.2-3
SECOND SOURCE BEHAVIOR

Progress Rate Percent
Program Difference First Unit

First Source Second Source % Cost Reduction

SPARROW .87 .84 3 14 0

BULLPUP .82 .80 2 46

TOW .98 .89 9 20

AIM-9B .90 .83 7 17

AIM-9L .91 .87 4 18 A

Once again the empirical results are diverse. The

reduction in first unit cost has been attributed to technology

transfusion and reduced engineering burden. The possible causes

of the steeper progress curves are numerous and related to the

desire of the second source to become price competitive with the .

developer.

Due to the relationship between first unit cost

reduction and technology transfusion, the program manager must

4 Lou Kratz and Larry Cox, et al, "Competition of
Defense Procurements: Evidence, Theory, and Application," The
1982 Federal Acquisition Research Symposium, Washington, D. C.
May 1982.
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assess the potential for a reduction in first unit cost based

upon program characteristics. If the second source is introduced

early in the program, a reduction in first unit cost should not

be expected. If the second producer is introduced after the

system has been in production for several years, a sizeable

reduction in first unit cost may be reasonable. Similarly, the

program manager must determine a reasonable assumption concerning

the second source progress rate. In making this determ5.nation .0

the program manager should consider the system technology, the

manufacturing techno'oqy employed, and the potential for

manufacturing innovation. Once reasonable parameters have been

identified the second source costs can be estimated by using

equation 4.2-2.

Given the uncertainty surrounding the second source

progress curve, the program manager may desire to employ an

alternative method that avoids the many assumpLions concerning

second source cost behavior. Such a method has been suggested by

the Office of the Secretary of Defense, Cost Analysis Improvement

Group (OSD CAIG). The method involves solving for the second

source cost that would ensure that the competition attains break

even. This method is discussed in Section 4.6.

Production Rate

The use of a progress curve to estimate recurring .

production cost is a convenient method that is accepted
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throughout DoD. The program manager must recognize that the

progress curve is limited in that it expresses unit cost strictly

as a function of cumulative quantity produced and does not take51
into account the rate of production.5 The rate effect on

unit cost may be important in competition analyses because

splitting the production run will cause each firm to produce at a

rate which is lower than what the single source rate would have

been.

Several simple models have been developed to express

unit price as a function of cumulative quantity and production

rate per period. Most of these formulations express production

rate effects on unit cost in a manner similar to progress

6. .
curves. That is, a doubling in production rate per period

leads to a constant percentage reduction in unit cost. Several

of these studies are summarized in Appendix C.

Mathematically, the production rate formulation can be

incorporated into the progress curve function as shown in

equation 4.2-5.

5 R. Crouch, "Avoiding Bias in Progress Function,"
Defense ManaJement journal, Third Quarter 1980.

6 See for example, John E. Bemis, "A Model for
Examining the Cost Implications of Production Rate," CONCEPTS,
The Journal of Defense Systems Acquisition Management, Volume 4,
Number 2, Spring 1981.
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Z A XB. RC (4.2-5)

where:

Z = unit cost of the item num'-er X

A first unit cost

X cumulative quantity produced

B = exponent which describes the slope
of the progress curve, defined as
the in (progress rate)/ln(2)

R = production rate in a particular period

C = exponent which describes the slope
of the production rate curve, defined
as the in (production rate parameter)/
ln(2)

This formulation is used by several DoD components to

capture the effects of production rate on unit cost. The

Defense Systems Management College also has sponsored research

based upon this formulation. 8 The formulation is a simple

method to incorporate the effects of production; however, to

employ it the program manager must have some indication of what

the parameter should be. The program manager may be able to

arriýh at such a parameter based upon should-cost studies of the

system developer. Also, care should be taken when extreme •

changes in quantity are analyzed. For example, if the

7 Charles Ayers, et al, "The AFSC Production Rate
Variations Model: Prototype Documentation," The Analytic
Sciences Corporation, TR-4612-2-l, May 1984..

8 Edward J. Downing, et al, "Economic Production
Rate Study,"' The 1983 Federal Acquisition Research Symposiumi,
Williamsburg, Virginia, December 1983. _ .
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developing contractor is tooled to produce at 1000 units per year

and budget cuts cause the rate to drop to or. Ž3 units per

year, it is possible the contractor will change some of his fixed

costs. Therefore, the rate formula in its original form may well

have to be modified.

Government Administrative Costs

In addition to contractor production costs, the program

manager also should consider additional government management and

administration costs associated with competitive production.

These costs include additional personnel and facilities to

conduct the solicitation, selection and award of competitive

contracts, follow-on lot acceptance test, and the continuing

management of two contractors. Unfortunately, these costs have

not been identified for prior programs; thus, no historical data

base exists.

This lack of historical data should not limit the

inclusion of government pe.sonnel costs for future programs. The

program manager can make reasonable assumptions concerning

incremental program office personnel such as an additional

technical monitor, additional cost analysts, additional

engineering support, and additional contractirg personnel. These

personnel requirements can be translated into costs by use of

standard federal pay scales. The costs should be expressed by

fiscal year to facilitate discounting analyses.
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Configuration management costs could be higher under

competitive production and should be c',nsidered. The problem of

maintaining two on-going production lihues which produce possibly

identical products could be substantiaL. However, one also might

observe fewer engineering changes than under sole source

production. Thus, the program manaqer should consider the

incremental costs, schedule delays or other problems associated

with competition and configuration management.

The progrart manager also should be aware of the effect

of competition on the costs of other programs which the .....
.U

contractor may have. For example, if competition leads to a cut

back in tne 'i::m's production quantity, the firm may reallocate

fixed overhead to other programs in the plant. The costcs of

those programs would increase, but that cost would not be

considered in the competition decision.

i
Logistic Support Costs

The use of production competition to reduce acquisition

costs may adversely affect logistic support costs. This adverse

effect would be due to the additional costs of supporting two

fielded configurations. The magnitude of these costs is a

function of the extent of commonality between the two producers'

configurations. Two fielded configurations could adversely

affect all logistic support cost elements, including the

following:
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0 Manpower and personnel

0 Supply support

* Support equipment

0 Technical data

0 Training

0 Facilities

0 Packaging, handling, storage, and transportation

The program manager could limit the potential logistics

cost by requiring both producers' configurations to be compatible

down to the throwaway level. This approach constrains production

flexibility, thus limiting the potential for cost-reducing design

changes. In addition, this severe constraint may require the use

f- t .he .a.e sulJ'...... ..IL ov vei,Uk,,s 'y both sysLew ui O1ALdcLL) -- --

Thus, production cost reductions may be further limited.

The program manager is faced with a trade-off between

production flexibility and potential support cost increases.

These potential increases, and thus the degree of design

flexibility, are determined largely by the weapon system support

concept. For example, a tactical missile supported under a

"wooden round" concept may provide ample design flexibility with

no increase in support cost. The missile is GO-NO-GO tested in

the field. If a failure occurs, the missile is returned to the

responsible contractor.

The "wooden round" example is in contrast to a missile

supported under a two level maintenance concept. A missile
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failure would lead to subsystem fault isolation. If the two

production contractors exercised unlimited design flexibility,

the failed subsystem may not be interchangeable with one from the

other producer. Thus, it would be necessary to stock spares for

both configurations including subsystems, components, and parts.

Innovative approaches to the logistic support cost

effects should be investigated. The use of contractor warranties

may limit the initial support cost effects of two configurations.

Field failures would be returned to the responsible contractor.

The warranty approach has the advantage of the contractors _

pricing their support in a competitive envircnment; however, this

is only an interim solution. Normally, the program manager must

Major programs are required to conduct logistic suppott

and life cycle cost analyses. In regard to production

competition, it is suggested that the program manager rely on the

logistics cost analysts and engineers to identify the cost effect

of design differences at various levels in the configuration.

These personnel can employ existing life cycle cost models and

the selected system support concept to identify potential cost

effects. Table 4.2-4 presents a matrix to assist the program

manager in tabulating potential incremental operation and support

costs. The table includes fiscal year spreads to enhance

budgeting and discounting.
_2
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TABLE 4.2-4

INCREMENTAL OPERATION AND SUPPORT COSTS

Cost Element Fisca Year Total_

PYXT FYXU FYXV FYXW FYXX FYXY FYXZ

anpower and
Personnel

Supply Support S

Support
Equipment

Technical Data

Training

Facilities

Packaging,
Handling,
Storage, &
Transportation

Total

Discount Rate

The economic analysis of production competition _

can be viewed as an investment decision: initial nonrecurring

investment versus future recurring returns expressed as reduced

unit producticn costs. This comparison is similar to a standard S

return on investment analysis.
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One key feature of return on investment analysis is

consideration of the time value of money through the use of a

discount rate. For example, one dollar invebted today at an

annual interest rate of ten percent is equivalent to $1.10 one

year from row. Similarly, $1.10 one year from now, ae-suming a

discount rate of ten percent is equivalent to $1.00 today.

In conducting investment decision analyses, the programi

manager is required by OMB Circular A-94 and DoD Instruction

7041.3 to use a ten percent discount rate on constant year dollar

estimates. Application of the ten percent discount race to the .

annual cost and benefits of production competition will enable

the program manager to calculate the net present value of

compet it ion.

4.3 CALCULATION OF THE NET PRESENT VALUE OF COMPETITION

The economic analysis of production competition can be

viewed as similar to the analysis of any other investment

decision. A key tool in such analysis is the calculation of the

net present value of the investment. In assessing production

competition, the net present value can be calculated as shown in

equation 4.3-1.
_2
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S

NPVc f SS- (Cl+C2 + G) - NR - LS (4.3-1)

where:

NPVc net piesent value of production
competition

SS - discounted projected single source
recurring production costs

S
C, M discounted projected recurring

- production cost of the original
producer in competition

C= discounted projected recurring
production cost of the second

producer in competition

G = discounted incremental governm -t
administrative cost associated with
competition

NR discounted nonrecurring costs
associated with competition

LS discour:ted i cremental logistic
support cost ,ssociated with competition

Equation 4.3-1 presents the summation of all relevant economic

variables. This can be simplified as shown in equation 4.3-2.

4
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NPV Present value of net cost reduction - (4.3-2)
present value of nonrecurring costs

* CR. NR. + LS S

(i+r) (i+r)

where: NPV net present value of competition
investment

CR net cost reductions due to competitive
production in year i (stated in
constant dollars)

NR = nonrecurring costs incurred due to
competitive production in year i
(stated in constant dollars)

LS - incremental logistics costs

r = discount rate, set at .10

The application in equation 4.3-1 yields the discounted

net present value of production competition for a particular

program. The use of this value is demonstrated using an example

presented in Appendix E.

To employ equation 4.3-2 the program manager must sum

all the relevant cost elements and potential cost reductions.

This approach would involve nine steps, similar to the following:

(1) Estimate single source recurring production costs - -
by fiscal year in constant dollars based upon
progress curves and expressed as contractor price.

(2) Estimate competitive recurring production costs by
fiscal year in constant dollars based upon
progress curves. Reasonable assumptions must be
made concerning shift and rotation and the second
source progress curve.

(3) Calculate potential savings by subtracting (2)
from (1) by fiscal year. _
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(4) Calculate net potenlial savings by subtracting
annual incremental government cost, stated in
constant dollirs, from (3).

(5) Estimate nonrecurring startup costs, stated in
constant dollars, by fiscal year.

(6) Estimate incremental logistic support costs,
stated in constant dollars, by fiscal year.

(7) Calculate the net present value of competitive
versus sole source production costs by subtracting
the discounted costs (5) and (6) from the
discounted benefits (3).

(8) Compare discounted, cmnstant, and then-year dollar
estimates of single source and competitive
production.

(9) Conduct detailed sensitivity analyses to
investigate the effect of changes in key
assumptions on the estimate of savings, and to
develop a range of likely estimates.

The program manager snould note that the above analysis can be

used to support the budget process. Ti... fiscal year estimates,

in constant dollars, can be escalated in accordance with current

inflation indices to estimate future annual funding requirements.

4.4 UNCERTAINTY AND SENWITIVITY ANALYSIS

In the early phases of the program, the economic

variables may not be well defined. Thus, there may be

uncertainty associated with the values that must be assumed in

order to conduct the economic analysis. As the system becomes

better defined, this uncertainty can be reduced. For example,

the program manager could solicit producibility studies from

potential second sources. These studies could be used to

identify reasonable second source progress curve parameters.

Similarly, prepriced options or price discounts offered by the
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original source could be used as reasonable shift and rotation

measures. In addition, the program manager should employ .

relevant historical data, whenever possible.

These steps decrease uncertainty; however, because the

economic analysis is performed based upon potential outcomes,

uncertainty cannot be eliminated. The key to the basic analysis

is to effectively employ available data. The uncertainty

associated with the analysis then can be addressed through

sensitivity analysis. In performing economic analysis of

production competition, sensitivity analysis can be used to

identify key assumptions that significantly affect the

competition decision. In addition, sensitivity analyses can be

used to establish reasonable bounds around the cost estimates.

The assumptions made concerning the values of the

economic variables will have uncertainty associated with them.

This is especially true of analyses undertaker, early in a

program. Sensitivity analysis can be used to identify the

critical assumptions. If an assumption has a high uncertainty,

but the variable does not significantly influence the outcome of

the economic analysis, then the uncertainty is not critical.

Conversely, if sensitivity analysis indicates that a variable has

a large effect on the outcome, the program manager should

concentrate on arriving at the best possible estimate of that

variable.
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Sensitivity analysis also can be used to establish

reasonable cost estimate bounds. Given the uncertainty

associated with the analysis, the program manager may wish to

portray the cost estimates as ranges rather than as a point

estimate. This approach is useful early in a program in that it

enables management decisions to be made based upon rangea of

estimates rather than a single point estimate.

In performing economic analyses cf production

competition, the program manager should conduct sensitivity

analysis on the %ollowing variables: -9

Total planned quantity

* Progress curves

* Sh1iL and .i...La ..

* Timing of competition

Anticipated production quantities for a new program are

established by operational requirements. Often, anticipated

quantities are not realized, due to a changing threat, revised

inventory requirements, or budget constraints. On the other

hand, potential foreign military sales may extend the production

run. The high initial investment associated with production

competition dictates that the program manager investigate the

effect of changes in total production quantities on the

production competition decision. J,

7--9--
Uncertainty also is associated with the projected

progress curve. Prior to production, the progress curves for
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weapon systems are estimated based upon DoD experience with

similar systems and contractor data. Prior empirical studies
0

have demonstrated that, under competition, greater recurring cost

savings are associated with flatter initial progress rates.

Therefore, the sensitivity of the competition decision to changes

in the projected progress curve should be investigated.

Similarly, the sensitivity of the production

competition decision to the assumed second source progress curve

rate must be investigated. The empirical evidence indicates a

wide variation in steepness for tactical missiles. In addition,

this steeper curve is taken as an assumption, rather than being

estimated from prior data. Therefore, sensitivity analysis is

particularly important.

Sensitivity analyses also must be conducted on the

shift and rotation parameters due to the dispersion and S

limitations of the historical data. The greater the assumed

shift or rotation, the greater would be the potential savings.

More detailed analysis is necessary to identify the minimum shift

and rotation necessary to balance the costs of establishing the

competitive source. If the required break-even shift and

rotation parameters are beyond the historically observed range,

production competition may not be economically beneficial. If

potential s3vings are projected even when using conservative

assumptions, production competition may be promising.

-4-3
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The timing of the first competitive award is a critical

decision variable for any production competition program due to

its direct relationship to the following:

* The selection of a technology transfer method

.Break-even analysis

Prior analyses have established that greatir potential savings

can be attained by initiating competitive av'ards earlier in the

production program. The ability of the program manager to

conduct early competitive awards is largely a 5unction of the

technique used to effect technology transfer. I'or example, a TDP

strategy may enable competitive awards to begin in the fourth

year of production. By initiating technology transfer during

FSD, through teaming or a leader-follower strategy, the program

manager may be able to achieve competitive production awaids in -

the second or third year of production.

Early competitive awards may be difficult to achieve,

sirce early second source involvement may be precluded by

constrained near-term funding. In such a situation, the program

manager must identify the break-even point. If second source

development and competitive production must be delayed, the point

at which compatition is no longer economically viable should be

identified. For example, if effective technology transfer cannot

be achieved until the fifth year of an eight year production

program, competition may not be economically attractive.

S
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4.5 COI'IPUTER ASSISTANC32

ý:he excnomic anal,,.sii. of production competition

reqLt:_res ,: t.ns• e ccfnside:7a1.ion oir all, relevant variables.

Fortunately, sev-,ral c'•mpute"-tas-e:. nodels currently exist to

assist th(: p.'ogr.:i.i matizger in p-erifr.nin9 the necessary

calc..laticns., rhese .wcdels inc.rpo--xr•e the analytic fr-.mework

disc'.sv.ed in tnu.. chapter and ar, lava:llable from internail
S

governrmen-. :)rgaizatiors as iell .s f,-om inde.eniýent coItractors.

One model -tat c.i-rentiy resides in' ar. internal giovernment

organizat;.o0: is th•_ Conpetiti~u Eec'.sion-Assi.t Package (CDAP).

T.'e Army Froc-trement Fe.;eardrci Office (AFRO) has

a týV t! 1 edt. a Co0np U t er b ,''-_ msod e to- .... -1 Erga aae i

performing ec,-nomic analysis of Froducticn competition. The

CDAP builds upcn the basic framB.w:.rk presnted in Section 4.3. 12
_'n addition, CDP incorpr.i-ates pa;"ameter Lounds and simulation to -

E.ihance se;isitivit; analysis. Co!.t estimates can be presented as

a range based upon the parameter ranges that are input by the

pro.c-ram manaqer. 'Te rrorz.m manaiger should note that this

requlres that probability distribu:ions for the parameters, as

well as paramete:: values, be input to the model.

9 Ch.,rlez H. Smith, "Production Rate and Weapons
System Cost: ?'-search Review Case Studies and Planning Model,"
U.S. Army Procu.-ement Research Office, Report No. APRO-80-05,
November 1980.
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4.6 THE OSD CAIG APPROACH

The OSD Cost Analysis Improvement Group (CAIG) recently

has developed a quantitative approach to the analysis of

competition.1 0  The approach is intended to overcome some of

the problems associated with the net present value method, in

that it requires fewer assumptions by the program manager.

Although the CAIG approach has yet to be widely published, it

appears to offer a reasonable approach to the production

competition decision.

The starting point of the CAIG methodology is different

than in the net present value method. The question it addresses

iq t-he foi1!Iowing! what arp thp aditionn-a -costs whic-h worsldei he

imposed on the prograr office by the implementation of

competition? An accurate estimate of those costs would then tell

the program manager what savings would have to be obtained by

competition in order to be cost effective. The goal is to

determine the cost at which the new competitor must produce in

order to break even. This cost can be compared to the cost of

the single source contractor and be characterized as reascnable,

unreasonable, or marginally reasonable. The program manager then

can combine this information with the other nonquantifiable

1 0 Raymond G. Bonesteele and James L. Wilson, "A
Method for Analyzing Competitive Dual Source Production
Programs," OSD CAIG, unpublished paper, May 1984.
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benefits and penalties which arise as a result of competition to

make a final decision on proceeding with production competition.

If the CAIG approach results in a decision to proceed

with production compecition, it will be necessary for the program

manager to perform a net present value analysis (previously

described in this chapter) in order to develop funding

requirements to use in the POM/budgeting process.

4.7 THE OSD PESO APPROACH

The OSD Product Engineering Service Office (PESO) has

develcped and applied extensively an approach similar to that

piTCsented LA Section 4. 2. The approach, h b'-'. u b.,

Bemis.' 1

The PESO method is simailar to the net present value -...

method discussed in Section 4.3; thus, it will not be discussed

in detail. As in most of the competition models, it uses a shift

and rotation progress curve formulation with a rate adjustment

factor. Ranges of estimates are obtained using sensitivity

analysis on key factors. In following the net present value

method discussed in Section 4.3, the program manager will obtain

llJohn C. Bemis, "A Model for Examining the Cost _ _
Implications of Production Rate," CONCEPTS, The Journal of
Defense Systems Acquisition Management, Volume 4, Number 2,
Spring 1981.
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results similar to those that would be obtained from the OSD PESO

method, if similar parameter assumptions are made.

4.8 SUMMARY OF ECONOMIC ANALYSIS

This chapter has presented the economic analysis that

must be undertaken by the program manager in assessing production

competition. This analysis can be summarized as follows: S

(1) Estimate single source recurring production costs
by fiscal year in constant dollars based upon
progress curves and expressed as contractor price.

(2) Estimate competitive recur'.ing production costs by
fiscal year in constant dollars based upon . ,
progress curves. Reasonable assumptions must be
made concerning shift and rotation and the second
source progress curve.

(3) Calculate potential savings by subtracting (2)
from (1) by fiscal year.

(4) Calculate net potential savings by subtracting
annual incremental government cost, stated in
constant dollars, from (3).

(5) Estimate nonrecurring start-up costs, stated in
constant dollars, by fiscal year.

(6) Estimate incremental logistic support costs,
stated in constant dollars, by fiscal year.

(7) Calculate the net present value of competitive
versus sole source production costs by subtracting
the discounted costs (5) and (6) from the
discounted benefits (3).

(8) Compare discounted, constant, and then year dollar
estimates of single source and competitive -

production.

(9) Conduct detailed sensitivity analyses to
investigate the effect of changes in key
assumptions on the estimate of savings, and to
develop a range of likely estimates.
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Chapter Five presents the technical issues associated

with production competition that must be assessed by the program ...

manager.

4--
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5. TECHNICAL ANALYSIS

A program manager developing a strategy for introducing

production competition must take into account the level and type

f technology inherent in the system's design and manufacturing -

process. The system's technological characteristics should

influence the method of technology transfer, the economic

analysis, source selection planning, and the program schedule.

Analysis of the system's technology involves the

following issues:

* Level and type of required technology

* Availability of alternative development and
production sources

* status of the technical data package - w

0 Potential for technological innovation in design
and manufacturing

& Plans for future development -_

0 Proprietary data

This chapter examines these issues in terms of their influence on
1

production competition planning. 1

1 Much of the information in this chapter was
developed in an acquisition strategy analysis performed in 1981
by K. E. Lanham and J. W. Drinnon (then at Putnam, Hayes &
Bartlett, Inc.) for the Joint Cruise Missiles Project. _t .
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5.1 LEVEL OF TECHNOLOGY

0

The level and type of technology inherent in a weapon

system's design should influence the program manager's choice of

technology transfer technique. For example, a technical data

pacxage (TDPI approach to establishing a competitive production

source for a complex surface-to-surface missile would require the

recipient of the TDP to have some in-house engineerinc-

capability, the quality of the TDP determining the degree of

engineering expertise required. A leader-follower program would

probably demand somewhat less engineering expertise resident in -

the second souice, compared to a TDP approach.

3
SCA t-he t , S h I- fi An ri f.. .. . ini n

program would require a much higher level of technological skill

in the second source. The second source, to be competitive, 2
would be required to undertake significant design and

manufacturing efforts in a relatively shoit time, at minimal

development cost. A contractor teaming arrangement could serve

to meld the specialized technological skills of contractors

individually lacking the broad capabilities required in a complex

program.

-A_
The program manager must consider the system's

technology level when performing the economic analysis of the

second-sourcing alternative. First, the technology level will

influence the program's nonrecurring costs (TDP preparation,

technology transfer, capital equipment, special tooling, and
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special test equipment costs). Second, the technology level will

add uncertainty to estimates of the effect of competition on

recurring costs. For example, in the case of a complex system,

would the second source be expected to make great improvements in

the first source's progress curve? Or would such a program - -

likely lead to a second source curve that is flatter than that

obtained by the first source? The program manager can reflect

this uncertainty in the economic analysis by widening the bounds -
A .

of the sensitivity analysis.

Similarly, because of the possibility that the second

source may experience significant delays in production

qualification, the program manager must consider the system's

technology level when assessing competition in relation to

programmatic and technical issues.

5.2 AVAILABILITY OF SOURCES

The program manager must consider technological factors

when investigating source availability. The source availability

analysis involves the following:

0 The availability of sources capable of performing
as system integrator

0 The availability of competitive vendors at the S

subsystem level

Program managers of prior competitive programs have been

successful in identifying qualified major contractors ready to

perform system integration and component manufacturing tasks.
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Able contractors make themselves known to the projects. For

example, one of the ALCM FSD prime contractors identified more

than a dozen firms which had demonstrated interest in an ALCM

second source program. Years later, at least four of those firms

were actively seeking the system integrator role in the TOMAHAWK

program. creating an intensely competitive environment for

choosing a second source. At least two of the firms seeking to

become the second production source for TOMAHAWK possessed all

the required technological capabilities, including the ability to

perform large-scale electron--beam welding.

Similarly, past program rttanagers have been able to

identify second and third tier vendors who could offer hardware

at competitive prices, either to the second prime or directly to

the government in a break out program. While it is unusual for a

program to experience difficulty in identifying potential lower

tier second sources, difficulties do arise. Prior program o

managers have been able to accommodate their production

competition programs to those problems, using special agreements

to ensure that the second prime has access to the sole supplier

c:f the problem component.

5.3 STATUS OF THE TECHNICAL DATA PACKAGE

The status of the technical data package is critical to

the success of a competitive production program implemented __

through the TDP approach. In developing a strategy for using the

TDP approach, and in estimating its costs in the economic
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analysis, the primary consideration is the date by which a

validated produc on quality TDP will be available. Normally,

the government validates a TDP only after the first source

delivers production units (built from the TDP) and tests those

units.

Achieving competition earlier than normal in a TDP

approach can be accomplished by having potential contractors bid 0

on a frozen, unvalidated TDP, with source selection made on the

basis of the bid. Engineering change orders would be sent to the

second source by the program office, with each change requiring

contract modification. Finally, when the validated TDP is

available, the second source would build the system on the basis

of the new drawings.

By bidding a system on an unvalidated TDP, production

competition can be established several months earlier than

otherwise possible. Introducing competition earlier provides the

progrdm manager with an opportunity to compete more units, but

such a procedure has the following disadvantages:

* An incomplete data package could result in a
considerable number of contract modifications.

* The first source could delay providing the
validated TDP, thus delaying the competition.
This delay could damage the second source
financially, leading to a complicated claims
situation.

For these reascns, use of an accelerated TDP method is

very risky and rarely, if ever, justified.
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Leader-follower and directed licensing techniques do

not require government-validated TDPs, which suggests that these

techniques should lead to a significant reduction in the lead

time for achieving prodiction competition. On the other hand,

these techniques require considerable cooperation on the part of

the initial source throughout technology transfer and production

qualification.

3
An F program does not require a TDP; however, to

maintain appropriate commonality with the existing system design,

a current TDP often is provided to the second source as a

baseline. In a contractor teaming program, the TDP is the joint

responsibility of the two team members, so intercompany TDP

probleics do not arise.

5.4 POTENTIAL FOR TECHNOLOGICAL INNOVATION

A program's acquisition strategy up to the point of

production largely determines its potential for cost-reducing

technological innovations. It the system reaching production is

the result of a competitive development process in which cost was

a major source selection criterion, there may be little

opportunity for cost-effective design changes.

Manufacturing methods are determined by the system's

functional specifications, which flow from mission needs and

operational requirements. For example, TOMAHAWK's design

requirements dictated a manufacturing technology stressing close-

5-6



tolerance machining, electron-beam welding, extensive internal

machining, and use of forgings and castings. Prior to selection

of a production competition technique for TOMAHAWK, a review of

the system's manufacturing processes led to the conclusion that

the program offered little opportunity for cost-reducing changes

in manufacturing technologies, unless an F3 technique was

adopted.

Competitive production programs achieve their cost

savings not from funding a second source to redesign an existing

svytem or to develop new manufacturing technologies, but rather

from the competitive pressures on two sources building the

existing design. However, if the program manager believes that

the system is particuiariiy susceptible to cost-reducing

technological innovations, it would be justifiable to reflect

that judgment in the economic analysis. This could be reflected.

by forecasting a steeper-than-usual progress curve in the

competitive phase of production. If the program manager's

judgment is correct, the steeper curve will be the result of

contractor investment in cost-effective technological

innovations.

5.5 PLANS FOR FUTURE DEVELOPMENT

A• - ]
In developing a production competition strategy, the

program manager must review future developments planned for the

system. For example, consider the programmatic implications of a

requirement to incorporate a new warhead or guiiance system in a
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future variant of a current missile. These prospective

development efforts would suggest the following:

* Establishing a second source with design
engineering capabilities would permit competitive
development of the required changes, with possible
cost, schedule, and technical advantages. This
consideration should be reflected in the program's
source selection planning.

* An early production buy out would probably be
unwise, if it occurred prior to the redesign
effort.

Thus, the system's planned future development efforts must be 0

reflected in the program manager's analysis of and planning for

production competition.

5.6 PROPRIETARY DATA

With technologically sophisticated weapon systems, a - 0

program manager initiating production competition can expect to

encounter problems involving proprietary data. These problems

will usually relate to the system's design, but problems with

proprietary manufacturing processes are not uncommon.

It is important, in planning a competitive prcduction -

progxam, that all prcprietary data a!,d processes be identified

early in the system's development cycle. The program manager

should keep in mind that contractors ar3 more willing to resolve

proprietary data issues in a competitive environmnent than they

are after competitors have been eliminated. This observation has

some practical anplicability. Fo- example, it should motivate - S

the program manager to obtain proprietary data agreements from
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all offerers when selecting the leader in a leader-follower

program.

5.7 SUMMARY OF TECHNICAL ANALYSIS

A program's technical content directly influences the

economic and programmatic analyses of production competition.

Thus, ip assessing production competition, the program manager

should incorporate the technical aspects of the program into the

a,•dlyses. Spec...ically, the program manager should undertake the

following:

* Assess the relative attractiveness of the
technology transfer techniques in relation to the
level and type of technology involved.

0 Incorporate the te(.hiiuiulV4y pesofhe• .. __

intc The source availability analysis.

a Inv igate the potential for design or
man, -t.uring iniiovati.on.

* Incorporate the potential for follow-on
develop° 2nt efforts into the production
competi ion strategy.

* Ensurc hat proprietary data embedded in the
system design has been identified and priced.

.-
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6. PROGRAM ANALYSIS
i

"Production competition is a complex undertaking that

influences every aspect of the program. Thus, in addition to

economic and technical analyses, the program manager must assess

the attractiveness of pioduction competition in relation to key

program variables. Specifically, the program manager should

analyze tte potential for production competition with respect to

the following:

0 Program funding

* Program development schedule and risk

* Production lead times

-~~ - ere o ~~,f stci1ro'ntrarctinn'

• Lower tiers

* Contracting and legal issues

0 Program management complexity

Assessment of these critical areas can assist the program manager

in analyzing the production competition issue and in selecting a

preferred techno].ogy transfer method. Furthermore, the results

of these analyses could highlight key areas of concern relative

to the implementation of production competition.

IL

6.1 PROGRAM FUNDING

The up-front, nonrecurring costs associated with

production competition are a key element of the economic

analysis. In addition to considering these costs as a"

6-1



investment, the program manager must aasess the program's ability

to provide the necessary sustained funding of the nonrecurring -

costs, which may be incurred over several years. This issue

could be a major determinant in the competition decision, for a

projected high return on investment is meaningless if the program

cannot obtain the necessary up-front funding.

The up-front, nonrecurring costs associated with

production competition place early pressure on a program budget.

On prior tactical missile programs, those costs ranged from $20

million to over $100 million. The program manager must

defend this additional funding based upon the promise of reduced

procurement costs five, six, or ten years later.

OSD's recognition of the importance of this early

funding is evidenced by the Deputy Secretary of Defense

Memorandum on Programming and Investing in Competition, of

12 March 1984. The nemorandug restates DoD'3 commitinent to

increasing effective production competition, recognizing that

initial investments must be undertaken. The memorandum requests

the Services to identify those funds that would be required to

initiate production competition on programs that offer

substantial benefits In turn, OSD pledged its support of these _A__

funds durinq the budget process.

1 Larry Cox and Michal Bohn, "An Acquisition
Strategy Comparison Model," The Analytic Sciences Corporation,
May 1982.
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The program manager can enhanct approv1 z f fundinri

through cnri;y pa-inning and careku! ccst estimation. Once anl

ac4-;sition stratc;, is developed: L2'e program managc, muzt

obtain the Z:lpport of appropri.x- command r..d headquarters

personrhz The Lu.!n-'irg required to implement the :tratevy nust

tbe id;entified atd under s~o Currei~tlv, 1lead times betv. cen

prograll request and i:eltease of fuihds span several mrs.

Thus, e:rly identift.ation of requir',- funding in the Program ]
Objectivc Memorandum and Five Year Defense PlAn is crucial.

.un1ng limitations in the near riears may preclude the

2-tabljshmen- of a seccnd pr'duction source. In sucr.

situcation, the - manager :"hould investigate the procurement

of data rights in order Zt. ureserve an .. -tion for effecting

production competition later. Ais.,. subsystem break out and

other alternatives to enf iteit. r-ompetition ,hould bt coiczdeled.

Stable program budge•t. arR critically important during

the competitive production phase. Budget reductions may result

in annual procurement quantities being reduucd to a level that is

insufficient to support two contractors. This risk is

particularly troublesome in competitive programs involving major

subsystems. Reductions in the annual procurement of host

platforms have a cascading effect, leading to reductions in the

subsystem procurement. When assessing production competitio:n.-

-2---

D. D. Knittle and R. F. Williams, "Acquisition
Strategy Development," U.S. Army Procurement Research Office,
February 1981.
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the program manager must investigate the prhbable stability of

the production program. rTnderstanding the priority ranking of

the program and its advocacy base throughout DoD can provide the

prugram manager with useful insight in this area.

C72 PROGRAM DEVELOPMENT SCHEDULE AND RISK

Economic analyses have indicated that savings arising

from production competition can be increased by early second

sour-e involvement and early competitive awards. Furthermore,

the early introduction of a second source presents the proyz:m ai

manager with an opportunity to reduce technical, schedule, and

cost risk, provided that the program manager employs the secoiid

source etfectively. Ineffective or inappropriate introduction of

a second production source into a complex development program may

increase technical risk. If realized, these risks could result

in higher development costs or an t::tended dev%,2pment schedule. 4 !

Modern weopn systems olton are developed ui,"- >•

conditions of extreme schedule urgency due to operational

requitcnents or projected threats. Typically, these sistems also

push state-ot-the-art technologies and involve considerable

technical risks. Undcer these c~nritions, the ur-ency of the

developincnt effort may limit the ability of the pro.gram office

and the contractor to develop a second source duritg the

development phase. The forced introduction of a second supplier

in such a case may increase program risK by straining program
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office and contractor personnel resources. Furthermore,

introduction of a second source during a compressed development

effort may result in inadequate technology transfer, thus leading

to ineffective production competition.

Recent programs, such as AMRAAM, have initiated

production competition efforts while in full-scale I-velopment

(FSD). These programs cite risk reduction and improved design

efforts as benefits of early involvement of two production

sourres. The second source contractors on these efforts provide

the program maiiaei with an additional engineering staff to

-1dress techrniL.l problems ana offer alternative solutions.

The proqram manager should note that the zt.-ond source

for AMWUI'.i partý,cinated in the AMRAAM validatiun phase. Thus,

when bringinQ the second source in during FSD, the program

manager gained a supplier who was already familiar with system

design and requirements. Rather than being faced with bringing a

new source up tc speed d2ring a complex development effort, the

AMRAAM program manager benefited tjem the immediate availability

cf a second desirn and production team.

The program manager could also eftectively employ a new

second source in parallel development, of high-risk, critical

components. This would enhance the probability of program

success. Furthermore, tzc competitive sources, if successtui,

could be brought into pz'duction to ensure supply. This approach

has been employed succeszr!!ly by the Ballistic Missile Office on
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several strategic missiles, including TITAN, Minuteman, and the

Peacekeeper.

In addlition to design risk, the program may encounter

producibility risks if the required production buildup rate

places added stress on the program. If producibility problems

arise during a high buildup phase, the developer . iy not be able

to meet the delivery schedule. In that case, the involvement of

a second producer early may decrease the risk of a production

stop. The second producer can provide early technical assistance

by employing production techniques different from those employed
- p

by the developer.

Schedule analysis and risk considerations must be
S

addressed in relation to u:..ique progrant ciicumstances. The real

risks of techniical deficiencies or production breaks must be

considered. In considering these factors, the program manager

must recogni7e the complexities associated with effective

technology transfer and second source qualification. These

complexities may require that the --econrd source be qualified

later in the program than ori inali. preferred.

Alternatively, tne program ma'-ager should recognize the

opportunity to reduce risk through early involvement of a second

"The Afrordable Acr'nisition Approach Study: Data
Handbook," Air Force Syrteems Command, February 1983.
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source. To achieve this benefit, second source involvement must

be carefully planned and executed in relation to other program

activities.

6.3 PRODUCTION LRAD TIMES
.

In assessing the timing of second source involvement,

the program manager also must consider production lead times. If

the program involves long production lead times, the second

source may have to be involved in the program early to ensure

delivery of production end items prior to the initiation of

competitive awards. This in turn may deter-nine the method of

technology transfer. To investigate the effect of production

lead times, the program manager can undertake the following

steps:

(1) Identify a preferred initial competitive award
date using economic analysis.

(2) Work back from that date to identify the proposal
evaluation period.

(3) Work back from (2) to identify an RFP release date
and proposal preparation period.

(4) Reflecting lead times, work back to a second
source directed buy award date. The directed buy
is used by the second source to demonstrate
production rate capability. Thus, the award of a
Cirected buy should be made early enough to ensure
production deliveries prior to competitive
bidding.

(5) Based upon (4), identify a second source initial
qualification date, initial unit fabrication, and
technology transfer period.
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These steps can be illustrated using a simple example,

as shown in Figure 6.3-1. The example assumes a production leadao
time of 18 months, a proposal preparation period of 3 months, a

proposal evaluation period of 3 months, and a technology transfer

period of 12 months. it is also assumed that economic analysis

has indicated that the first competitive award should be no

later than the fourth production lot.

ACTIVITY FISCAL YEAR
________'--_______ 8e I 7 85 89 90

PROOUCTiON START INITIAL AWARD
TO DEVEL OPER

IECONV SOURý:E TECHNOLOGY
TRANSFER

SECOND SOURCE QUALIFICATION UNITS

S:CONCI SOURCE QUALIFICATION

DIRECTED BUY TO SECOND SOURCE
TO DEMONTSTRATE RATE CAPABILITY
(LOT 2)

I I e
SECOND SOURCE DELIVERIES (LOT 2) - ---------

RFP RELEASE (LOT 4)

PROPOSAL PREPARATION

PROPOSAL EVALUATION (LOT 4)

FIRSI COMPETITIVE AWARD A

Figure 6.3-1 Production Lead Time Analysis

As shown in Figure 6.3-1, in order for competitive

awards to begin in lot four, the second source must be selected

prior to the initiation of production. Furthermore, the

technology transfer period must occur during the initial

production buy. Given this lead time schedule, the program

L manager must either select a technology transfer method that
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achieves tIe schedule or delay the initiation of competitive

awards.

In selecting a technology transfer method, the program

manager must recognize that it is unlikely that a validated TDP

could le prepared and released during FSD. Thus, to initiate

technology transfer in FSD, a technique that does not rely on a

validated TDP is required. In such a case, a leader-follower or

licensing approach may be preferred.

These approaches present the program manaqer with an

opportunity to attain early competitive awards while reducing

production risk. If the second source were a subcontractor to

the system developer, the developer could order long lead

material for the entire second lot. A portion of the materials

then could be provided to the second source for a learning buy, -

following second source qualification. This combined purchasing

of long lead materials reduces the time required for the second

source to demonstrate rate capability. In addition, if the

second source fails to qualify, the system developer can proceed

with production of the entire second lot. Thus, production risk

is reduced.

Given the scnadule shown in Figure 6.3-1, the program

manager also could delay initiating competitive awards until the

fifth production year. In such a case, a TDP approach may be

viable; however, the lost savings due to delaying competition

must be assessed.

6-9
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The program manager should note that the example

analysis presented in Figure 6.3-1 is highly simplified.

Consideration of the lot three buy and long lead release should

also be included in the analysis. Furthermore, the effect on the

development effort of selecting the second source during FSD must

be assessed.

6.4 DEGREE OF SUBCONTRACTING

The economic analysis presented in Chapter Four is

based upon changing contractor price behavior in a competitive

environment. Prior studies present empirical evidence to support

the framework; however, the studies do not address how the price

changes arc achieved. If a large portion of the weapon system is

subcontracted, the prime contractor may not be able to control a

large portion of the weapon system cost. Thus, the potential

price reductions associated with competition may be less than

expected.

The program manager should review the degree of 0

subcontracting when assessing the potential for production

competition. This review should be based upon the developer's

make-or-buy plan, as submitted during FSD. The results of this

review may be used to adjust the economic analysis or to identify "

key subsystems for competition.

6-10
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The review zalso is necessary to support analyses of the

supplier base. The review will provide the program manager with

preliminary planning insights in the area of second source

* supplier qualification.

The program manager should note that a high degree of 10

subcontracting is not sufficient justification to foý:ego

competition. In a competitive environment, it is likely that the

prime contractors will apply more pressure on their suppliers to

control costz than they would in a single source environment. It

is equally likely that the suppliers will respond, because, if

the prime loses the competition, the suppliers lose also.

6 .5 LOWER TIERS

Production competition at the prime contractor level

requires an adequate supplier base. The existence of only one

supplier of a critical subsystem may reduce the benefits of

competition at the prime level. This supplier presents not only

a potential bottleneck but also a virtual monopoly. The two

prime contractors may be forced to vie against each other in

terms of delivery and price. The program manager can avoid the

potential adverse effects of a single subsystem suppliar by

conducting a detailed subtier analysis. The results of this

analysis could then be uzsed to develop alternative suppliers.

"L
As ar, initial step in subtier analysis, the proprietary

data claims of existing subcontractors should be examined by

6-11
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either the government or the prime contractor to identify

proprietary designs and the costs to procure rights to such data.

The program manager must ensure that the claimed information is

indeed proprietary and then assess the criticality of the

proprietary claim. This process was employed recently on the

AMRAAM project when the two competing validation phase prime

contractors were asked to identify and cost proprietary data as

part of their FSD proposals.

Concurrently, the program manager should direct an

industrial base analysis to identify potential alternative _-

suppliers. This survey may involve producibility analyses or

Commerce Business Daily solicitations of interest. Such analyses

identify critical subtier limitations. The results of this

analysis may indicate that a new production source for a critical

component must be established. In such a case, the program

manager may request the prime contractor or the second source to

develop another supplier. Alternatively, the program office

itself could establish the second subtler supplier.

The program manager must recognize that competitive

production provides the prime contractors with an incentive to

develop reliable sources of supply to minimize their own risk of

supply interruption. This development effort mar occur either as

expansion of in-house capabilities or as development of other

subtier contractors.
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The establishment of alternative suppliers is a

difficult task. Technology transfer must be accomplished and new

supplicrs must be qualified. The lead time associated with

supplier qualificaticn must be assessed in relation to the

program schedule.

If the qualification lead times are excessive, the

p-ogram manager may piefer a technology transfer technique, such

as leader-follower, that allows the system developer to procure

all subsystems initially. Secondary suppliers could be qualified

later, without requiring a delay in the production program.

6.6 CONTRACTING AND LEGAL ISSUES

Any production program must be implemented

* ~contractually within the complex legal and regulatory framrework

established by the government. The program manager developing

competitive production sources must resolve particularly

perplexing issues involving source selection criteria, production

award split methodologies, performance incentives, warranty I
prvvisions, and proprietary data. Acceýssible legal counsel and

experienced contracting professionals are critical to successful

resolution of these issues.

Arcordingly, in assessing the potential for production

competition, the program manager should determine whether

sufficient legal and contracting personnel will be available

during the program's implementation. If adequate legal and

6-).3
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contracting support cannot be secured, production competition may

not be viable.

6.7 PROGRAM MANAGEMENT COMPLEXITY

The development and implementation of a competitive

production program is an activity requiring a special team-

dedicated to managing the competition. Obtaining such a team is

difficult when faced with DoD personnel constraints.

Furthermore, increases in program office staff may lead to

coordination difficulties.

o

The required level of personnel is determined in part

by the method of technology transfer. The Tio and P

approaches require the greatest amount of program office

involvement in the technology transfer process. Using an F3  "

approach, the program office mu•c develop and release an RFP,

monitor the second source's development effort, and qualify the

second source and associated suppliers. For a TDP approach,

program office involvement would also include verification and

guarantee of the technical data package.

The teaming approach also involves complex management

issues. The program office need not be involved with selection

of the second source; however, it must ý.,alify both sources

simultaneously. Furthermore, the program office must closely

monitor technology transfer and the exchange of manufacturing .

data.
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The leader-follower and licensing approaches avoid many

of these complexities. These approaches enable the program

manager to delegate certain efforts to the system developer.

These efforts may include selection of the second source,

technology transfer, and second source qualification. Thus, the V.

initial strain on program office personnel is reduced.

6.8 SUMMARY OF PROGRAM ANALYSIS

Production competition is a complex undertaking that

influences every aspect of the program. Thus, in assessing the

potential for production competition, the program manager must

consider the relationship between competition and other program

areas. Specifically, the progLdIl inaiaqaZ ShOUld "nd r "

following:

0 Incorporate the additional up-front costs
associated with competitive production into the
program budget and assess the availability of
funds.

9 Assess the schedule and technical risks of
introducing a second production source.

• Develop an integrated schedule that reflects
production lead times.

* Consider subcontracting plans when predicting
potential cost reductions associated with
competition.

* Determine the ability of the lower tiers to
support prime contractor competition.

0 Assess the availability of expert legal and
contracting personnel.

a Analyze the relationship between alternative
technology transfer techniques and management
complexity.

6-15
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7. EVALUATION SUMMARY

Evaluation of production competition requires analyses

in three areas:

* Economic

* Technical

0 Program

This chapter summarizes the analyses presented in Chapters Four,

Five, and Six. The purpose of this chapter is to provide the S

program manager with a checklist for easy reference during

evaluation of production competition.

7.1 ECONOMIC ANALYSIS

When considering production competition as a tnol to

reduce program costs, the program manager must view the problem

as an investment decision. The key considerations are reduced

unit procurement costs versus additional up-front costs and

increased government administrative costs. In addition,

potential effects on maintenance and logistics costs must be

considered. This trade off is unique for each program, requiring

a program-specific analysis. The analysis presented in Chapter .

Four involves several steps which can be summarized as follows: ..

(1) Estimate single source recurring production costs
by fiscal year in constant dollars based upon
progress curves and expressed as contractor price.

(2) Estimate competitive recurring production costs by
fiscal year in constant dollars based upon
progqess curves. Reasonable assumptions must be
made concerning shift and rotation and the second -'

source progress curve.
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(3) Calculate potential savings by subtracting (2)
from (1) by fiscal year.

(4) Calculate net potential savings by subtracting 0
annual incremental gcvernment cost, stated in
constant dollars, from (3).

(5) Estimate nonrecurring start-up costs, stated in
constant dolla. by fiscal year.

(6) Estimate incremental logistic support costs,
stated in constant dollars, by fiscal year.

(7) Calculate a net present value of competitive
versus sole source production costs by subtracting
the discounted costs (5) and (6) from the •
discounted benefits (3).

(8) Compare discounted, constant, and then-year dollar
estimates of single source and competitive
production.

(9) Conduct detailed sensitivity analyses to
investigate the effect of changes in key
assumptions on the estimate of savings, and to
develop a range of likely estimates.

L-

7.2 TECHNICAL ANALYSIS

In assessing nroduction competition, a program manager

must take into account the level and type of technology inherent

in the system's design and manufacturing process. The system's

technological characteristics influence the method of technology

transfer, the economic analysis, source selection planning, and

the program schedule. The technical analysis presented in

Chapter Five requires that the program manager undertake the

following: J

0 Assess the relative attractiveness of the
technology transfer techniques in relation to the
level and type of technology involved.

* Incorporate the technology aspects of the program
into the source availability analysis.
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"* Investigate the potential for design or
manufacturing innovation.

2 Incorporate the potential for follon-on 0

development effor's into the production
competition strategy.

"* Ensure that proprietary data embedded in the
system design has been identified and priced.

7.3 PROGRAM ANALYSIS

In addition to) economic and technical issues, the

program manager should conduct analysis of key program issues.

In performing the analysis of program issues presented in Chapter

Six, the program manager should undertake the following:

0 Incorporate the additional up-front costs
associatad with competitive production into the
proqram budqet and assess the availability of
funds.

0 Assess the schedule and technical risks of
introducing a second production source.

* Develop an integrated schedule that reflects
production lead times.

* Censider subcontracting plans when predicting
potential cost reductions associated with
competition.

0 Determine the ability of the lower tiers to
support prime contractor competition.

a Assess the availability of expert legal and
contracting personnel.

* Analyze the relationship between alternative
technology transfer techniques and nanagement
complexity.
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8. PRODUCTION COMPETITION PLANS

0

Many of the problems encountered on prior production

competition programs surfaced during their implementation phdse.

Fortunately, •he program manager can avoid most of the problems

of prior efforts through ca.eful, early planning.

Often, the planning associated with er-'duction

competition is documented in a number of plans, strategy papers,

and budget books. This dispersion of documentation greatly

complicates the implementation and execution of a competitive

production program. Therefore, the program manager should

develop a single, integrated production competition plan that

addresse di1 Citial ises, which incu--^ the IfL l ig '

0 Technology transfer

0 Selection of the second source

* Contractual arrangements -

* Second source qualification

V Schedule

• Configuration management
S

* Funding

The purpose of this chapter is to present a general

introduction to these areas. Specific implementation actions

associated with particular technology transfer approaches ar-

presented in Chapters Nine through Thirteen.

1. 8-1
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8.1 TECHNOLOGY TRANSFER

The production competition plan must address two

critical areas related to the technology transfer:

a The availability of adequate technical data

* The level of support required from the system
developer

The availability of adequate technical data to the

program office and the second source is an integral component of

a successful production competition program. The level of data

required depends upon the method of technology transfer. For

example, a TDP approach requires a detailed data package that

includes all critical design and process information. A

continuing engineering suppoit. The production competition plan

shculd delineate all required design and production data, as well

as test requirements, special test equipment drawings, quality

assurance requirements, and approved engineering change orders.

To enhance technology transfer and to reduce tLe risk

of inadequate documentation, the program manager inay request the

system developer to warrant the technicai data package. If such

an approach is envisioned, the program manager should reflect

this in the produ tion competition plan and obtain contractor

agreement to the ,rranty provision prior to FSD.

The system developer may resist providing complete

documentation on the grounds of proprietary data. The program

8-2



manager can obtain rights to proprietary data by requesting the

competing developers to identify and price all proprietary data

euibodi~d in, their designs as part of their FSD proposals. The

availability of data and the cost of data could be employed as

explicit source selection criteria. This approach enables the

program manager to obtain rights to proprietary data early in the

program, in a competitive envitonment. The specific actions

related to this approach should be discussed in the production

competition p).an.

The required level of support Lrom the system developer

'I---

also should be described in the production competition plan. The

developer's support could involve several activities, d,ýpending

level of commonality between the two producers' equipment. These

activities includoe the following: 7
* Technical data package preparation -

* Provision of key subsystems, or the entire system,
to the second source

a Direct technical assistance and consultation

c s In-plant assistance T

p Licensing of proprietary data

p Development of subtier suppliers

Prior to FSDt the program manager must make an

independent assessment of the desired level of developer support,

considering the technology transfer method. The desired level of

Tesupport then should be included in the FSD solicitation as an

option and defined in the production Competition plan.

8-3
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Ensuring adequate support from the system developer may

require special incentives. For example, award fees have been 0

employed successfully on prior production competition programs.

In addition, innovative incentives have been developed that base

the developer's progress payirents on the progress of the second

source. The incentives adopted by the program should be clearly

delineated in the production competition plan.

8.2 SELECTION OF A SECOND SOURCE

The production competition plan must describe the
-0

process for selecting the second source. The second source can

be selected either by the government or by the system developer.

in thc first c- se. the governnent wo-o iolb i cit and select the

second source, leading to the award of a prime contract to the

"second producer. Another method is to allow the system developer

to solicit and select the second source subject to program office

approval. In this latter case, the system developer would

prepare and execute a source selection plan covering planning,

RFP preparation, solicitation, proposal evaluation, and award.

The second source would be a subcontractor to the developer

during the technology transfer period.

-A•

Both methods have been employed successfully on prior

competitive production programs. Whichever method is selected,

the program manager must ensure that the production competition

plan reflects the following:

8-4
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0 Second source qualification criteria, including
engineering, manufacturing, cost, and capacity
requirements

* A source selection plan that is in accordance with
the program schedule

* Degree of program office control over source
selection and final approval of the selected
second source

8.3 CONTRACTUAL ARRANGEMENTS

Two of the technology transfer techniques involve

separate contracts with the two producers. The TDP and F3

approaches are contractually implemented in this manner. For

these techniques the production competition plan should describe

the type of contracts, the incentives to be used, and anticipated

contract funding levels. -

For other technology transfer techniques, the

production competition plan must address the contractual

arrangements in more detail. For examnle, when using a

leader-follower or a licensing technology transfer technique, the

qcvernment can establish the second source using either of the

following contractual ipproaches:

* A clause could be included in the developer's FSD
contract specifying that a certain portion of the
developer's initial production be subcontracted to
a second source. The developer would be
responsible for technology transfer, production
qualification, and acceptance tests of the second
source's initial production units.

* The second source could be a prime contractor to
the government and technology transfer could be
accomplished through a separate engineering
services contract with the system developer.
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Similarly, contractor teaming can be implemented using either a

subcontract or joint venture approach.

The alternative contractual approaches have associated

advantages and disadvantages. For example, establishing the

second source as a subcontractor reduces the administrative--

burden on the program office; however, it also reduce.s program

office control over the technology transter process. Each

approach also affects other implementation planning areas in

different ways, depending upon the specific technology transfer

technique. For example, establishing the follower as a

subcontractor to a leader compan;' may result in the leader

company performing follower qualification. On the other hand,

the. use af a subcntract - f

not affect the requirement for government qualification of both

producers.

Given a stated technology transfer technique, the

production competition plan should present the advantages and

disadvantages of alternative contractual approaches in relation

to program characteristics. In assessing the relative advantages

and disadvantages of the two approaches, the program manager

should consider the following:

"* Program office personnel requirements

"* Program office access to the second source

"• Program office control over the technology
transfer process

8-6
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* Contractor cooperation and motivation in
developing a second source

8.4 SECOND SOURCE QUALIFICATION

Production qualification of the second source can be

achieved either by the government or the system developer,

dependirg upon the technology transfer method and the contractual

relationship between the producers. Both of these methods have

been employed successfully on prior programs. In developing a

production competition plan, the program manager should ensure

that the plan addresses the following: -

* Schedule

0 Qualification responsibilities

* Quality assurance

* Tooling

"* Test equipment

"* Suppliers .

In Chapters Nine through Thirteen, these areas are discussed in

specific reference to the various technology transfer methods.

8,5 SCHEDULE

The production competition plan should present an

integrated milestone schedule for second source selection and

qualification. This schedule should reflect ongoing program

activities in other areas, as well as critical production

competition milestones. The schedule should work back from the

8-7
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desired second source qualification date and initial competitive

award date. Potential milestones include the following:

* Initial management meetings

* Design briefings and engineering exchange

* Data item delivery

* Subassembly delivery and inspection

* End item disassembly, inspection, and reassembly
by the second source

0 Subassembly fabrication and test

* End item fabrication

* Production qualification

* Release of RFP for initial competitive production

* Competitive proposal submission

• Source selection and award

* Long lead eleai •

The exact activities related to each of these

milestones would be defined by program characteristics. The key -

is to identify relevant milestones and tie those milestones to

the developer's contract. The program manager then has a useful

tool to monitor progress and to motivate the developer.

Furthermore, an integrated schedule will provide the program ]
manager with insights relevant to production planning, long lead .1

release dates, and competitive solicitation.

8.6 CONFIGURATION MANAGEMENT

In developing a production competition plan, the

prcgram manager must address configuration management issues.

8-8



to

The system developer typically maintains configuration control up

to Critical Design Review (CDR); however, the program office may

assume configi ation control earlier to avoid design changes that

adversely affect competition. The competition plan should

present a configuration control milestone. In addition, the plan

shculd define the structure of the Configuration Control board.

To enhance competition, both contractors should be represented on

the board. Similarly, the processing and control procedures

applicable to Class I and Class II Engineering Change Proposals

(ECPs) should be discussed.

8.7 FUNDING

The production competition plan must identify all

* required funding necessary to implement the production

competition program. The funding requirements should be

delineated by appropriation category. For example, research and

development funds may be required for technical data rights,

second source development efforts, qualification testing, and

engineering services associated with technology transfer.

Similarly, production funds may be required for

adi.it'c-ial tooling, as well as for production end items. The

product.ion or proocurement accounts should clearly present annual

" proc'-'efnelit quantities and projected funding requirements by line -

i item. Thri will enh).nce the program manager's ability to assess

tthe effecit of potential budget reductions on the competitive

produý,:t ion -:cqxra:i,.

8-9



• . • . -& y v . . . . . --, . . ,, - .- ,

8.8 CONTENTS OF A PRODUCTION COMPETITION PLAN

Deliberate and thorough planning is essential to the

success of a production competition program. The specific

contents of a plan are determined by program circumstances;

however, there are several general areas that should be included

in, all production competition plans. Figure 8.8-1 presents a

sample outline of a production competition plan to assist the

program manager in developing a plan for a particular program.

8-10
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1. OVERVIEW
1.1 System Description
1.2 Technology Transfer Approach
1.3 Structure of the Plan

2. MANAGEMENT ORGANIZATION
2.1 System Developer
2.2 Second Source
2.3 Program Office

3. TECHNOLOGY TRANSFER
3.1 Data to be Transferred
3.2 Proprietary Rights
3.3 Required Technical and Management Support
3.4 Engineerinq Assistance
3.5 Manufacturing
3.6 Subcontractors and Suppliers

4. SELECTION OF THE SECOND SOURCE
4.1- Responsibilities
4.2 Selection Criteria

5. CONTRACTING "-
5 1 ... ......IIL.GLLU l A ~angem e nts1 4Jt ..... ~ *- - .. . ..

5.2 Contractual Arrangements Between the
Government and the Producers

6. PRODUCTION QUALIFICATION
6.1 Philosophy
6.2 Existing Design
6.3 Potential Improvements

7. MASTER SCHEDULE
"7.1 Source Selection
7.2 Lead Times
7.3 Qualification
7.4 Schedule Milestones

8. CONFIGURATION MANAGEMENT
8.1 Responsibilities
8.2 Configuration Control Board
8.3 Configuration Control Procedures

9. BUDGET
9.1I Deýve Iopment...-:
9.2 Production -"-.

Figure 8.8-' Production Competition Plan
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9. FORM, FIT, AND FUNCTION

3
Form, Fit, and Function (F ) is a týchnique for

establishing competitive production sources in situations where

internal design commonality is not required. As discussed in

Chapter Two, the F3 technique involves solicitation of

alternative suppliers based upon perform, nce and external

interface specifications. Internal design and manufacturing

flexibility are allowed and encouraged.

The F3 technique has been employed successfully for

Srelatively simple components such as The GAU-8 30-millimeter

ammunition. The technique also !.as been used for complex items

such as the Alternate Fighter Engine. Thus, the F3 approach

may be applicable at two ends of a broad spectrum. For simple

components where logistic support is minimal, the F3

technique is appropriate. At the other end of the spectrum, an

33 approach may be appropriate for complex items if the cost

reductions due to production competition far outweigh potential

3increases in logistics costs. These characteristics of an F

technique present unique implementation issues in the fol]-'' *-•

areas:

0 Second source selection

* Original source support

a Technology transfer

f Second source qualification

0 Logistic support
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9.1 SECOND SOURCE SELECTION

The use of an F3 technique at the system level

requires that the program office incorporate the performance

requirements of the equipment into a Request for Proposal which

is released to potential second sources. Proposal evaluation and

source selection are performed by the program office.

The program manager must recognize that the F 3

technique may require that development work be performed by the

second source. For complex items, the ability of the second

source to conduct design engineerino and to develop the equipment

efficiently is crucial to a successful F program. Thus,

source selection cLtiLizh• . tbULU it itphai•±d *. a wel l as

production capabilities.

For ccmplex items. the program manager should consider .

the concurrent development of the system by both producers. This

approach may require additional development funding up-front;

however, it presents the benefit of having two design teams

competing head-to-head, knowing that they also will be competing

for production. Such an approach should improve the

producibility of the design. In addition, this approach reduces

program development risk. The program manager should note that
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the use of this approach requires that the prcgram acquisition

strategy be well defined prior to full-scale development (FSD).

S

In addition to design capability, the second source

must porsess demonstrated capabilities in transitioning a system

from development into production. In the end, an F3 approach

is successful only if the second source can smoothly transition

into production aF a true competitor.

i-nce no technology transfer takes place under an

F5 technique, and there is no tecb:nical data package, the

program ,nanager must ensure that the equipment specification is

clearly and completely defined prior to solicitation of the

seccnd source- The equipment specitrcation must be detailed to a

level that is bCfficient to all.ow potential second producers to

pi'-pare realistic prcposals. The specification should include

the foilowing:

* External dimension of the equipment

"* I:,'erface requirements

"* Power :,quirements

"* Equipment p.:rfermance requirements

9.2 ORIGINAL SOURCE SUPPORT

The F3 technique' by its nature, does not. require

the suppoi1t of the original developer. Ir fact, the F3

technique haz. been used in prior programs to i.nprove the program

manager's leverage when dealing with an uncooperative contractor.
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For example, this technique initially was suggested for the

cruise missile engine when the system developer refused to

cooperate in a competitive production program.

9.3 TECHNOLOGY TRANSFER

Under an F 3 technique, technology transfer is

achieved through publication of the equipment specifications.

The second source is constrained only by the external interface

and performance requirements of the equipment. The internal

configuration of the equipment is left to the second source. The

program manager must recognize that this requires that the

equipment specification be clearly definea. Inadequate product

second source.

The quality of the equipment specification is related

to the program's phase in the acquisition process. If the F

technique is used to develop a second source after the initial

source has entered production, then the specification will be

well defined. On the other hand, if the F3 technique is

used during the early design phase of a program, the equipment

specification may be evolving. In such a situation, the program

manager may use preliminary interface and performance

specifications to solicit a second source. This approach may

necessitate negotiation of detailed specifications at a later

date.

9-4
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9.4 SECOND SOURCE QUALIFICATION

The design flexibility afforded the second source

provides considerable opportunity to reduce production costs;

however, it may complicate second source qualification. Because

the internal configurations differ, the second source probably

cannot be qualified on the same test equipment as that used for

the first source. Consequently, the program manager should

anticipate additional special test equipment costs when employing

an F3 technique. Additionally, the program manager shorld

pjan for increased program office effort in conducting in-plant

reviews, production readiness reviews, test of the second

source's initial items, and audits.

9.3 LOGISTIC SUPPORT

3
In implementing the F technique, the program

manager should anticipate additional logistic support

complications, due to the internal equipment configuration

differences afforded the contractors. These complications should

be considered early in the program so that potential traue offs

can be investigated.

3 -
For example, if the F technique is employed to

develcp competitive suppliers of an or-board subsystem,

configuration differences may require two different sets oi"

intermediate level test equipment. In such a situation, the

program manager should investigate the potential cost effects of

9-5
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this requirement when developing the system maintenance concept.

After evaluation, the program manager may conclude that an - -

organic intermediate level maintenance capability is not cost

efficient. The equipment could be returned to the manufacturer

for repair either under warranty or under a fixed-price repair

contract. In such a case, these provisions could be used as

source selection criteria when determining the production award

split.

In addition to test equipment, the program manager must

consider all logistics elements when implementing an F

program. The different configurations may require unique

documentaticn, special training, peculiar support equipment,

distinct provisioning requirements, and different maintenance

facilities. These potential impacts should be considered when

developing the F implementation plan and the system

maintenance concept.

A recent example of a ccmplex F p-ogram is the

Alternate Fighter Engine. This program successfully employed the 0

F' technique and developed a maintenance concept that utilized

existing facilities and reflected the F buy. Specific areas

include the following:

• Warranties cf the two engines were included in the
acquisition and obtained competitively.

* Training ano technical orders also were included
in the acquisition and thus were subject to the
ccmpetition.

o Intermediate level support equipment was developed
to be adaptable to both engines.
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* Existing depot facilities that currently service
similar engines will be employed for the new
engines.

9.6 F 1MPLLMENTATION

3
The F technique differs from other technology

transfer techniques in that internal configuration differences

between the two producers' equipment arq allowed and encouraged.

In implementing th F 3 technique the program manager should

undertake the followingi

0 Ensure the equipment specification is clearly and
completely def'.ned prior to solicitation of the
second source.

0 Anticipate the n~ee for additional special test
equipment and program office effort in conducting
production qualification.

* Consider the pue L . J

increases due to fielding two configurations. Am

9-,7 .
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10. TECHNICAL DATA PACKAGE

The technical data package (TDP) technique of

establishing competitive production sources ordinarily is used
for items of low to moderate complexity, such as the ANiAPM-123

transponder test set. Also, in a few cases, a TDP technique has

been used successfully to develop second sources for complex

items, such as the AlM-7F tactical missile.

Technology transfer is achieved strictly on the basis

of the TDP with no direct contractor-to-ccntractor exchange.

Therefore, the key criterion in determining the use of the TDP

technique is that the system technology be such that it can be

adequately presented as drawings, specifications, parts lists,

1and processes. These characteristics present special _7'

implementaticn concerns in the following areas:

* Second source selection

Original source support

- Contents of the TDP

0 o TDP validation and transfer

0 e Se,-cnd source quali-ication

iFor a miorE detailed discussion of the application
of the Technical Lata Package technique, see: "Review of the
PAIM--7F SPKRRO'V4 Second source Procurement Program," The BDM
Corporation, December 1980.

Si~~0--i.1
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10.1 SECOND SOURCE SELECTION

e

In a typical TDP program, the second source is selected

and qualified by the government based on competitive bids. Thus,

the program office must prepare and release a Request for

Proposal (RFP), evaluate the proposals, and select a second

source. Prior to releasing the RFP, the program office must have

a validated TDP that can be used by potential second sources to

develop proposals.

The program manager can attain a validated TDP by ,

freezing the system configuration following initial production,

by which time configuration changes resulting from producibility

problems will have been accomplished. Once initial producibility

changes have been documented and the design frozen, potential

second sources can be solicited. The program manager should note

that these activities preclude introducing the second source

until the second year of production, at the earliest.

Reliance strictly on the TDP for technology transfer
S

also dictates that the second source possess design engineering

and manufacturing capabilities. The secund source may be

required to undertake reverse engineering of selected subsystems

or components. Thus, the program zaanager should stress design

capability in the source selection criteria--

The TDP approach allows full program office control

over the second sourco selection process. The government
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determines the source selection criteria, tl'i contractors to be

solicited, and the winning contractor. By ensuring full control,

this method decreases the risk of selecting a noncapable second

source.

A direct government-to-contractor relationsiip is

established, thus enhancing technical exchange between the

program office and the second source. Furthermore, the program

office can directly monitor the progress of the second source in

technology transfer and production qualification.

10.2 ORIGINAL SOURCE SUPPORT

In a TDP program, the program manager should

concentrate on obtaining support from the original source in

developing an adequate TDP in a timely manner. The program

manager could enhance this support by procuring unlimited data

rights early in the design phase of the program. In addition,

tie program manager may request the developer to warrant the TDP.

If a warranty is desired, it should be specified in the RFP for

the full-scale development (FSD) contract, to allow the program

manager to obtain the warranty in a competitive environment. To

enhance further the development of an adequate TDP, the program

manager could employ additional incentives, such as award fees.
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10.3 CONTENTS OF THE TDP

In order to. develop a second source in a timely manner,

the program manager must ensure that the TDP presents a detailed

2description of the item being procured. The key contents of

such a description would include the following:

* Product specifications

0 Engineering drawings and associated lists.

* Quality assurance provisions

Additionally, for complex items, the program manage. should

attempt to incorporate into the TDP the manufacturing process

information associated with key subsystems. Finally, the TDP

should including the following:

* Packaging data sheets a

* Acceptance inspection equipment drawings

• Concurrent repair parts lists

& Special production tool drawings

These items must be incorporated in the TDP in accordance with

all relevant DoD standards.

The product specification is the document which clearly

describes the essential technical requirements for the product

being procured, including the procedures by which the

determination is made that the requirements have been met. In

2 For a more detailed discussion of the contents and
validation of a TDP, see: "Technical Data Package Development
and Management," Army Management Course, United States Army
Management Engineering Training Activity, October 1982.
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additdion, the: , 2 rjecificnation also may include requirements related

t.o packaging. handlinq, and marking. The product specification

is the primary document on which tne program manager relies for

conficuration control. THus, in a competitive production

program, the equipment specification must be clearly and

accu. at6dy incorporated into the TDP.

The program manager should note that the development of

puoduct specifications is an evolutionary process that begins in

the early design phases of a prorram. As the design its

developed, the specification becomes increasingly more detailed.

During FSD, detailed design specifications and drawings are

prepared to form the product specification. The production

specification serves as the basis for the ;,Iroduct baseline and is ,. -

crucial to defining the item. Thus, the product specification is

a key component of the TDP.

Anothet key component of the TDP is the engineering

drawings and associated lists that -lefine in detail the

composition of tte equipment. An engineering drawirg discloses

by means, of pictorial or textual pfesentation, the physical and

functional end product requirements of an item. An associated

list is a tabulation of engineering data pertaining to an item

depicted on an engineering drawing or on i: set of drawing.• .

Several types of engineering drawings combin'ed into sets with

attendant associated lisLs may be required to -efine eC-d product

requirements of am- item, Pks a mirnimnum, a combination c, detail

and assembly drav;ings may suffi, e to define the requirenients of
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simple item. As the complexity of the item increases,

specialized engineering drawings may be required to provide a

full engineering description. As a rule, combinations of detail,

assembly, control, installation, and diagrammatic drawings will

provide the necessary engineering description. in certain cases,

special purpose drawings may be required for management control,

logistic purposes, configuration management, and manufacturing -

aids.

Quality assurance data are also a key component of the

TDP. Incorporation of quality assurance provisions in the TDP

will enhance the competitive production of end items that meet

operational requirements. The TDP should present a detailed plan

ot all actions necessary to ensure that the end item meets all

stated requirements. The program manager must ensure that the

plan contains all technical information related to product

quality. This may include the following:

0 Contract quality requirements in regard to
contractor responsibility, standard inspection
requirement, inspection system requirement, and
quality program requirement

* Identification of examinations and tests to be
performed by the contractor . - "

* Method of performance of required examinations and
tests

0 Inspection equipment authorized or required

* Statistical techniques authorized

& Qualification approval requirements

* Acceptable quality levels

* Classifications of defects

1.0-6 _
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* First article tests

o Calibration requirements

* Records of examinations and tests

* Standards of workmanship

* Quality requirements to be passed on to vendors or
suppliers .0

0 Examinations or tests reserved for performance by
the government

a Nondestructive t'st procedures

* Personnel skill qualifications and certification

* Methods for analyzing inspection results

0 Environmental tests

0 Life tests

* Reliability production acceptance tests

In addition, the pruject manager may be able to obtain

process information from the system developer. If such

information can be obtained, the followinq should be included in

the TDP:

0 Logic diagrams

* Interface control drawings

0 Development specifications for prime and critical
items

* Product fabrication specifications for critical
it-ems

• Process and material specifications ...

* Purchase descriptions 2

* Data processing system requirements

* Installation drawings _fk_:

0 Unique manufacturing data
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Equal in importance to the content of the TDP is the

format in which required data are presented. The program manager

should ensure that all data presentations conform to applicable

DoD standards. Contractors and governmert personnel understand

these standards and expect data to be presented in accordance

with them. Insisting on conformance to standards in preparing

the TDP will enhance validation of the TDP and subsequent

production from the TDP. Some of the more critical standards

include the following:

* MIL-STD-961, 22 September 1975, Outline of Forms
and Instructions for the Preparation of
Specifications and Associated Documents. This
scardard covers specifications for commodities, S
processes, and the control of weapons, systems,
and subsystems design.

0 MIL--STD-490, 30 October 1968, Specification
Practices. This standard cstablishcs the format
and contents of specifications for program -..

peculiar items, processes, and materials.

0 DoD-STO-100C, 22 December 1978, Engineering
Drawing Practices. This standard prescribes
general requirements for the preparation and
revision of engineering drawings and associated
lists prepared by or for the Department and
Agencies of the Department of Defense.

The program manager should note that the documentation

IIrequirement associated with the TDP technique is extensive. if

the second source is being introducec' early during production,

the technical documentation may not be complete. In such a case,

a time-dhased delivery of complete design information should be

established by the pro]ra.m mnanager. . -

S
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10.4 TDP VALIDATION AND TRANSFER

The program office must validate the TDP. The drawings

must be compared to the equipment for consistency, the

specifications must be reviewed, and the process information must

be evaluated. In reviewing the TDP, the program manager should

assess whether it is:

* Accurate

* Current

• Complete

• Clear

An accurate TDP is one which is free of mistakes and

errorn. Potential errors include incorrect dimensions, incorrect

material specifications, obsolete data, and design deficiencies.

Any of these errors could preclude successful production of the

item by a second source.

A current TDP is one which includes only that

documentation relevant to the existing configuration. In a

current TDP, obsolete data have been removed and updated data

reflecting engineering changes have been incorporated. The use

of obsolete data or the omission of engineering changes could

delay successful qualification of the second source.

A complete TDP is one which includes all relevant data

necessary to produce and deliver eauipment that meets operational
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requirements. The completeness of the TDP can be reviewed based

upon the list presented in on page 10.4.

A clear TDP is one which conforms to DoD standards

concerning drawings, documentation, and models. The TDP should

be concise, but inclusive.

TDP validation activities may require support from

other government agencies. For example, the Naval Weapons Center

supported validation of Raytheon's AIM-7F TDP. The program

manager must recognize that by validating the TDP, the program

office is assuming responsibility for its adequacy. Thus, to

avoid potential future claims, the program office must ensure

that the validation ettort is thorough and rigorous. A

Once validated, the TDP ca.a be transmitted to the

second source, who must translate it to the firm's design systems

and manufacturing processes, The program manager should note

that this process may involve significant effort if the two

manufacturers em-ploy different production processes. Following

design translation, the second source can begin to fabricate test

articles.

In order to ensure efficient technology transfer using

a TDP technique, the program manager should ad~cess technology

transfer in detail in the production competition plan. The plan

would include the following:

9 Technology items to be included in th- TDP
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0 A milestone schedule showing TDP preparaticn,
validation, and delivery to the second source

0 Special incentives or warranties used to motivate 5
the developer to provide an adequate data package
in a timely manner

10.5 SECOND SOURCE QUALIFICATION

The government assumes responsibility for qualification

of the second source under a TDP approach. Thus, the program

manager should anticipate conducting in-plant reviews, production

readiness reviews, and acceptance tests of the second source's

initial articles. If the two manufacturers' end items are

cc;mon, the second source's end items should be tested on the

same equipment used to test the developer's equipment. This will

require the establishment of duplicative test equipment at the

second source's facility. Because the TDP approach presents the

potential for producibility changes by the second source, the

program manager also should anticipate requirements for special 0

test equipment at the second source's plant.

In addition, the second source should be required to

demonstrate capability to produce at rate prior to competitive

bidding. To accomplish this, the program manager may direct a

large "learning buy" to the second source following production

qualification.
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10.6 TECHNICAL DATA PACKAGE IMPLEMENTATION

The technical data package technique for eatablishing

competltive production sources requires a high level of program

office effort. In conducting a TDP program, the program manager

should undertake the followingj:

"* Select a second source with adequat2 design and
manufacturing experience.

"* Anticipate the requirement for positive and
negative incentives to motivate the rieveloper to
assemble an adequate data package.

"* Qualify the second source, recognizing that
special test equipment may la required.

"* Consider tnc use of a learning buy to enable the
secord source to demonstrate rate capahilities
prior to competitive bidGing.

U-.1

10•-12 0



S1. ILEADER-FOLLOWER

The leader-fo.lowvec technique achieves technology S

transfer through direct technical assistance from the system

developer or lecder co the second source. It has been employed

on several prior and ongoing programs, including DRAGON, -

SHILLELAGH, AMRAAMI, iind TOMAHAWk.

Leader-follower is to be used when the design or

manufacture ot a system is such that a second producer would be

unable to produce the system without assistance from the

developer. The direct contractor-to-contractor exchange

!nha.rces the technology transfer of more complex weapon systems

while minimizing government involvement in technical data

valiat ion. TAIIt: LI II CAtiStiC u pLe cent unique iiplUA. entation

issties in the following areas:

a Contractual arrangements

Follower selection

* tedder support

0 Technology transfer

* Follower production qualification-

]Charles W. N. Thompson and Albert H. Rubenstein,
"The Leader/Follower Concept in Acquisition," international
Applied Science and Technology Associates, Inc., November 1979.
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11 .1 LEADER-FOLLOWER CONTRACTUAL ARRANGEIMENTS

The leader-foolloer technique can be implemented

contractually in three ways. According to FAR Subpart 17.4, a.

prime contract could be awarded to a:

a Leader company, obligating it to subcontract a
designated portion of the required end items to a
specified follower company and to assist it to
produce the required end items.

0 Leader company, for the required assistance to the
follower company, and a prime contract to the
follower for production of the items.

o Follower company, obligating it to subcontract
with a designated leader tor the requisite
assistance.

The thiid techniqLe requires the follower to award a

contract to the leader to obtain the necesSky dbistaice;

however, the leader is not contractually obligated to accept the

contract Thus, the developer ntay refuse the contract, thereby

precluding a leader--follower program. Given this potential - ]

problem, the third technique has nct been used on any prior DoD

programs. Therefore, the remainder of this chapter will

concentrate on the advantages and disadvantages of the other two S

approaches.

The Follower as a Subcontractor to the Leader -0

As described in the FAR, the leader-follower approach

can be implemented contractually by establishing the follower as 6

a subcontractor to the leader. This approach can be implemented
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by requiring the leader to develop a leader-follower plan during

FSD. The activity associated with the development of a plan

should be solicited in the FSD Request for Proposal (RFF) and

includes the following:

0 Source selection

* Technology transfer

* Follower qualification

The program manager should require the leader-follower plan to be -

a contract deliverable during FSD. Following program office

approval, the plan could be incorporated as an option in the

developer's initial production contract. -

Under this approach, the leader normally selects the

follower and provides technical assistance and data to the a

follower. The follower is awarded a subcontract for a limited

number of the developer's initial production units. Thus, the

developer is responsible contractually for the follower's

deliveries. After follower qualification, the leader and the

follower would compete as prime contractors for production

awards.

One of the key advanCages of the subcontract apiroach

is the leader's contractual responsibility for the follower's

initial deliveries. This presents the program manager with an

opportunity to employ innovative incentives, as discussed in

Section 11.3. In addition, the program office is not involved

directly in the selection process or technclogy transfer process.

This.lessens the administrative burden on the program office. It
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is important, however, that the program manager maintains

complete visibility into the activities related to selection of S

the second source and inco the technology transfer process. In

addition, the program manager must monitor the progress of the

second source in achieving production qualification.

The Follower as a Prime Contractor to the Government --- A-

Another contractual method to implement a

leader-follower program is to award a prime contract to the -

follower. in this case, the government would select the follower

and award the contract to the follower to learn the system and

demonstrate production capability. Technology transfer would be

accomplished under a separate government contract witi the

leader.

The leader technology transfer effort could be obtained

through a task in the leader's FSD contract. This effort should

be solicited as part of the FSD RFP, thus allowing the program

manager to place the task on contract during the competitive

selection of an FSD contractor. The leader's technology transfer

tasks also could be contracted on a separate engineering services

contract. Such a contiact could be awarded during FSD or initial

production. Under either approach, the program manager should

ensure that the leader's tasks include the foll!owing:

0 Transfer of all required design data

• Transfer of all required manufacturing dat.

11-4 9.
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* Provision of key subsystems or the entire system
for follower inspection

* Provision of a duplicate set of test equipment

* Preparation and maintenance of a detailed
milestone schedule

The program manager should note that the prime contract

approach also requires that the two contractors enter into a

direct agreement concerning technology transfer. This agreement

may be a formal associate contract or a memorandum of agreement.

The agreement should clearly define the responsibilities of the

leader and the follower.

S

The prime contract approach has the advantage of

establishing a direct follower-government relationship

immediately. Thus, the program office can monitor technolog-

transfer more readily. Furthermore, production buys can be -

awarded directly to the follower for qualification and initial J
learning. S

The prime contract approach alsc places immediate

pressure on program office personnel, Increased staffing will be

required to monitor two contractors in addition to technical

support to manage the technology transfer effort. This approach

also may lead to the selection of a follower that is unacceptable _

to he leader. Forcing cooperation may complicate technoloqy

transfer and slow follower qualification.

0
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A Contractual Arrangement

Both of the contractual techniques have been used

successfully on prior DoD leader-follower programs. The

subcontract approach was employed on the ACES II pogram. The 0
SHILLELAGH and DRAGON programs used the prime contract approach.

In selecting an approach, the program manager must weigh

additional staffing and complexity against increased visibility.

11.2 FOLLOWER SELECTION

Under a leader-follower approach, the follower can be

selected either by the governmenft or by the system developer. In

the first case, the government would solicit ciu select. thle

follower, leading tc the award of a prime contract to the

follower. Another method is to allow the system developer to

solicit and select the follower, subject to program office

approval. In this case, the leader would develop and eix :ute a

source selection plan, solicit proposals, evaluate thetms, and

award a subcontract that would cover follower activity through

the technology transfer period.

Program Office Selection of the Follower

The program manager itay desire to solicit and select

the follower. Using this approach, the proaram office must
S

undertake the following:
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6 Obtain suffi cient technical data fr .rc the leader
to allow potential followers 1-o bid.

* Prepare and release a folloý- ,r RFP.

0 Evaluate potential follower proposals.

* Select a follower and negotiate an award.

* Ensure that the technology transfer between the U
lead6r and follower is understood by both parties.

The key difficulty in these proqram office tasks is

obtaining data from the leader for inclusion in the follower ,

solicitation. The prog:-am office must obtain unlimited rights to

the data early. If the follower RFP is released in FSD, the

required data may not be available. in such a case, the RFP

should include sufficient design information to enable potential

bidders to understand the magnitude of the effort.

In evaluating the proposals, the proqra , :;ftice. :,uldl

concentrate on those capabilities that are required by the.

specific nature of the program. For example, demonstrLted

production experience may be sufficient for a relativej.y short

production program, sinc.: the leader wi13 he providing direct

assistance. If product improvements are planned for the future,. .

the follower should possess design capabiilities.

This approach ensures full pioyram office visi'bo !ity "

into the follower selection process, dec:-easinq the risk of

selecting a ncricapable follower. A direct relationship betwEer '
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the government and the follower is established, enhancing

technical exchange between the program office and the follower. - -

Furthermore, the program office can directly monitor the progress

oi the follower in technology transfer and production

qualif ication.

While this method enhances government visibility, it

also requires considerable program office administrative effort.

In addition, there is no direct link between the system developer

and the follower. The leader may be less than enthusiastic about

transfer:-iia technology to another firm that the leader played no

role in selecting. This potential problem can be avoided by

allowing the leader to participate in the selection of the

follower, under the direction uf thu pLoyrarn office.

Leader Selection of the Follower

The system developer can solicit and select the

follower, subject to program office approval. This approach

generally entails establishment of the follower as a

subcontractor to the leader. Thus, the leader would undertake

the following:

* Prepare a follower solicitation.

& Evaluate the proposals.

a Select a follower.

* Submit the selection for program office approval.

Under this approach, the leader performs the majority of the

administrative effort.
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The program manager should ensure that the leader's

efforts are defined clearly in a milestone plan that is

contractually binding. Furthermore, the program manager should

ensure that a capable follower has been ielected, by conducting

site surveys and audits.

The key advantage of this approach is that it limits

program office administration and liability associated with

technology transfer. Furthermore, leader selection may enhance

technology transfer by enabling the system developer to select a

follower that he can work with. A

This approach also presents several disadvantages. The

leader may select a follower who is incapable of true

competition. The follower may be production qualified: however,

the firm may never demonstrate rate capabilities. Similarly, the

follower's cost structure may be such that the firm could never

win a competitive award against the leader.

Another disadvantage of this approach is the lack of a

direct link between the government and the followez during

technology transfer. The program manager has no

contractually-based control over the follower, but must rely on

the leader to ensure tinv.ly development of the f Ilower.

11-9
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Selection of the Follower

0

Both of the methods for selecting a follower have been

employed successfully in prior leader-follower programs. Neither

method can be preferred over the other based on historical S

experience. The proqram manager must choose a method to select

the follower based upon specific program circumstances. Whatever

method is selected, the program manager must ensure that follower

source selection is planned in accordance with the program

schedule. Furthermore, the souice selection criteria should

stress the capabilities of the follower in areas such as

engineering, manufacturing, cost, and capacity. These

capabilities should be demonstrated by the prior experience of

potential toLIowers, especially in similar programs.

1.1.3 LEADER SUPPORT

The support of the leader is crucial to a successful

leader-follower production program. The required level of

jupport could involve several activities depending upon equipment

complexity, program schedule, and the desired level of

commonality between the two producers' equipment. Potential

activities include the following: -

0 Provision of all required technical data

* Provision of key subsystems or the entire system to the
follower

9 Direct technical assistance and consultation
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0 In-plant assistance

0 Development of subtier suppliers

The leader-follower approach is employed for relatively

complex systems which require considerable assistance to the

follower. For example, the leader may be required to provide key S

subsystems or the entire system t. the follower for disassembly,

inspection, and reassembly. Similarly, the leader may be

required to provide direct technical assistance in the form of . S

design reviews, subsystem testing, and mock-up reviews.

It may be necessary for the leader to provide in-plant -. 0,

assistance to the follower, if the systems or manufacturing

processes are complex. Because cf concern over disclosure of

unique manufacturing processes, developers and followers have

resisted in-plant exchange of personnel on prior production

competition programs. Thus, the program manager zhould ensure

the selection of a capable follower with demonstrated production -.

abilities.

The program manager may require the leader to undertake AL

actions relative to the subtiers, if critical subsystems are

claimed as proprietary. For example, the leader may be requirea

to develop alternative suppliers. This would enhance follower

qualification as well as future competition.

As presented, the leader-fcllower technique requires an -.-

extensive amount of support from the leader. To ensure leader
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support, the program manager may employ positive and negative

2incentives. Positive incentives may include the use of S

award fees to the leader.

Negative incentives are strong motivators that should

be considered by the program manager also. For example, the

leader's progress payments could be tied to demonstrated follower

progress. A negative incentive that may be used when the

follower is a subcontractor is to require the leader to meet the

follower's delivery schedule at no cost to the government.

11.4 TECHNOLOGY TRANSFER

Thi im 4deL L-f l .. . . . . .. .vc.l.es .ii..ect ttchnical

exchange between the contractors. Prior to this exchange, the

program manager should address technology transfer issues in

detail in the production competition plan. Often, the leader

defines technology transfer tasks that are approved by the

program office. The production competition plan should define

the following areas of the technology transfer effort:

2A

2 For a more detailed discussion, see Rosemary
Elaine Nelson, "Leader/Follower Second Sourcing Strategy as
Implemented by the Joint Cruise Missiles Project Office," Naval
Postgraduate School, September 1980.

See also Larry L. Soderquist, "Leader/Follower: An
Analysis of a Proposed Technique for Increasinq Competition in
Air Force Weapon System Procurements," Air Force Institute of - 0 -

Technology, September 1979.

11-12



"* The technolciy items to be transferred

"• Leader, follower, and program office
responsibilities

"* Contractual arrangements

"* Management authorities

"* Follower qualification requirements 5

A leader-follower approach may be initiated with

documentation similar to that required for a Critical Design

Review (CDR). These data would be augmented as the design

matures. The technology transfer plan should define a schedule

for the augmentation and delineate all required data, including .. 2
the following:

* Engineerihg drawings and associated lists for the
complete end item

V Electrical, hydraulic, arýd pneumatic schematics

* Logic diagrams

* Off-sheet parts lists

* Specification control drawings (r2Ds)

0 Interface cont'rol drawings

* System specification

* Development specification for prime and critical
items

* Product fabrication specifications tot prime and
critical items

0 Process and material specifications •

* Purchase descriptions

* Test requirements and special test equipment
drawings and specifications

* Packagin, data sheets

* Data processing system requirements

1-13 3
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9 Tapes for nurretically controlled machining
operations

ae
* Approved ECPs

0 Approved specification change notes (SCNs)

* Installation drawings

* Unique manufacturing data

* Special tooling drawings and specifications

0 Quality assurance plans, procedures, and
specifications

Similarly, the responsibilities of the leader in the

areas of training, hardware provision, follower test equipment,

and follower qualification should be specified. The follower's

responsibilities in the areas of design reviews, hardware

fabrication, test, and qualification should be defined also. The

formal contractual agreements implementing these responsibilities

shoulu be noted.

The production competition plan also should identify a

single individual within each organization responsible for the

technology transfer program. The relationship of this individual

to the rest of the organizaticn should be presented. This will

ensure that a single person, with clear management authority, is

responsible for the leader-follower program.

.011.5 FOLLOWER PRODUCTION QUALIFICATION

The main goal of a leader-follower program is to

develop an alternative weapon supplier who can effectively
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compete for a significant portion of the planned procurement.

Thus, follower qualification involves both production

qualification and demonstration of full rate p:oduction.

Follower qualification tests can be performed by either the

government or by the leader with government approval. Both of

these approaches have been ei-ployed successfully on prior DoD

leader-follower efforts.

0

If the follower is a subcontractor to the leader, the

leader should conduct all production qualification tests and

submit the results of the test to the program office. If the

follower is a prime contractDr, the government should conduct

follower qualification. In both cases, the key to successful

qualification is detailed consideration of qualification issues

in the production-competition plan.

The production competition plan should address all -

critical items associattd with achieving follower qualification.

These items inclule the following:

* Schedule

• Qualification responsibilities

* Configuration control

* Quality assurance

0 Tooling

• Test equipment

* Suppliers
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Many of these items involve extensive support from the leader, as

discussed in Section 11.3.
S

The plan must include a schedule that presents all

significant milestones related to specific technology transfer

items, contractor technical exchanges, follower fabrication and

assembly, test equipment availability, and follower production

qualification. This schedule must be tied to the desired date .
0

for initiation of competitive awards. The program manager should

note that this requires that economic analysis be performed to

identify the preferred date.
0

Specific responsibilities for follower qualification

should be dcfined also. The program manager may retain

responsibility for qualification of the follower, if the follower

is a prime contractor te the government. Tf the follower is a

subcontractor to the leader, the system developer iay conduct .

qualification testing subject to program office approval. The

plan should specify responsibilities for on-line manufacturing

test verification, cost schedule control system audit, subsystem

testing qualification, end item qualification testing, production

readiness reviews, and configuration audits. Also, the plan may

specify responsibilities in the areas of design to cost audits,

should cost reviews, and life cycle cost analyses.
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The production competition plan should specify

responsibilities in the area of configuration control. The system-

developer typically maintains configuratiop control up to CDR;

however, the program office may assume configuration control

earlier to avoid design changes that adversely affect

competition. In addition, the plan should specify the use of

compatible configuration control sysrtens by both contractors.

This may require adjusting the follower's configuration control

system to be consistent with the leader's. The use of compatible

systems enhances successful configuration audits and reduces

management complexity when the program office assumes

configuration control.

Qul-L acrn:e n~rocdures1,r And test eauiomerkt

requirements are related directly to configuration control and

should be described in eletail. The follower should be qualified

on test equipment identical to that employed by the leader, down

to the lowest level of commonality. Thus, the leader must

provide an identical set of test equipment to the follower.
S

The quality assurance programs of the two contractors

should be similar. This may require the leader to assist the

follower in the areas of process testing, subsystem and component

evaluation, fault isolation, and supplier selection. The

qualification plan should list the system developer's key

suppliers and subcontractors, specifying 'hose systems for which

alternative suppliers may be desired. Responsibilities

associated with the development of alternative suppliers should

11-17
- S



be highlighted. Similarly, subsystems for which a single

supplier is desired should be described.

J-1.6 LEADER-FOLLOWER IMPLEMENTATION

This chapter has discussed several ways to implement a

leader-follower program. In undertaking a leader-follower

program, the program manager should undertake the following tasks:

0 Determine the desired contractual arrangement with
the follower, based on program office visibility
and availability of program office personnel.

& Either select or approve the selection of a
follower that possesses both engineering and "
production capabilities.

* Develop a production competition plan that clearly
defines the technology to be transferred, the

government, and the contractual arrangements.

• Ensure follower qualification by developing an
integrated schedule and specifying test equipment
and tooling requirements.
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12. LICENSING

Under a licensi-*ng approach to competitive production, 0
the system developer, in exchange for a royalty fee, grants

permission or license to another firm to produce an end item of

* proprietary interest to the developer. In addition, the

deveioper may provide technical assistance to the second source

or licensee in exchange for engineering fees. The licensing

A• technique is being employed currently in the cruise missiles

engineý program.

The program manager should note that this technique

differs significantly from other competitive production

techniques. The system developer, under the licensing concept,

g.ants nly, mit-pcd data rjqhts to the second source. The

developer maintains proprietary interest in the data and retains

design responsibility. Other techniques involve up-front

government procurement of proprietary data. Thus, a licensirg_

approach should be used cnly when the system developer refuses to

grant the government unlimited data rights.

Given that unlimited data rights cannot be obtained,

this chapter presents alternative actions t'. implement a

licensing program. Key implementation issues discussed in this

chapter include the following: -

For a viore detailed discussion of licending, see
Gregory A. Carter, "Directed Licensing: An Evaluation of a
Proposed Technique for Reducing the Procurement Cost of
Aircraft," The Rand Corporation, December 1974.
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* Contractual arrangements

0 Selection of a licensee

e Motivating the developer

* Technology transfer

* Licensee qualification

12.1 CONTRACTUAL ARRANGEMENTS

Two contractual methods to implement licensing have

been employed on prior weapon system programs. The first

technique, referred to as directed licensing, involves including

an unpriced licensing option in the system developer's full-scale

development (FSD) contract. The second technique involves

contractor selection and qualification of the licensee.
Mo

Licensing Clause

One contractual method to implement a licensing program

is to include a licensing provision in the system developer's FSD

contract as an unpriced option. The clause would state that the

system developer agrees to license another prod. :er and provide

technical assistance to that producer to ensure production

qualification. The second producer could be selected by either

the government or the system developer with government approval.

The clause could be exercised by the government following price

negotiations conducted during FSD.
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Using this approach the licensee would be contractually

related to the system developer t through the license

agreement. The government woold -tward a prime contract to the

licensee for production and fund the initial engineering services

fees. The licensee would pay royalty fees to the system

developer during production. Either the government or the system

developer would perform qualification of the licensee.

of

The specific arrangements associated with this approach

are normally delineated in a Memorandum of Agreement (MOA),

signed by the developer, the licensee, and the government. The
.0

program manager should insist on an MOA to ensure that all

parties understand their respective responsibilities.

By employing this method to implement a licensinig

program, the program manager can ensure the establishment of a

second source while the program is in the competitive design

phase. Competing design contractors could be presented with the

licensing clause in the FSD Request for Proposal (RFP). The

competing coi..panies would be required to propose royalty fees, if

any, while still under the pressures of design competition.

The program manager should note that this method

establishes the licensee as a pr'me contractor to the government.

Thur, the licensee views the government as the customer and is

free to approach program office personnel with problems or

innovative suggestions.
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A problem with this approach is the use of an unpriced

option and the requirement for subsequent negotiations when the

developer is in a sole source position. Perhaps the program

manager could overcome this limitation by requesting priced

options in the FSD RFP, but this has been resisted by contractors

in the past.

An Alternative Approach

Recent DoD experience with licensing has led to the

evolution of another contractual method to implement a licensing

program. The approach was developed in an ad hoc manner by

developing contractors who were confronted with production

competition. The contractors, in an attempt to limit the effects

of competition, suggested licensing another source.

The program manager should recognize that this is not a

recommended approach; however, it does present a unique

contractual arrangement that may be useful. The approach

involves establishment of the licensee as a subcontractor to the

developer. The developer is responsible for selection of the

licensee, technology transfer, and production qualification. The

costs associated with these activities are paid by the

government. The government retains the right to approve the

selected licensee. In addition, the government maintains the

option to acquire end items either directly from the licensee or

through the system develoner.
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The program manager should recognize that this approach

was suggested on prior programs by contractors who were faced

with competition. In order to apply a similar approach, the

program manager must secure the agreement of the system

developer. This can be obtained via an option in the developer's

FSD contract.

This approach reduces the administrative burden on the

program office. Furthermore, it enhances the establishment of a

cooperative licensor-licensee arrangement by enabling the

licensor to select the licensee. The approach also provides the
.0•

potential for incentive clauses to be included in the developer's

prime contract to motivate developer activities in establishing

the licensee.

This approach also presents several disadvantages. By

establishing the licensee as a subcontractor to the developer,

the licensee may view the developer as the customer.

Consequently, the licensee may be reluctant to discuss technology

transfer problems with the government, thus enabling the system

developer to delay qualification of the licensee.

Ancther putuntial problem is the lack of government

control over the selection of the second source. The system

developer may be able to select a second source that would be

incapable of true competition. In one cruise missile engine
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competition, the prime's selection of a noncapable second source

was rejected based upon a government facilities inspection. 2

Selection of a Method

The particular contractual method used to implement a

licensing arrangement must be determined by the program manager

based upon program characteristics. In reaching such a

determination, the program manager should recognize the risks

associated with establishing the licensee as a subcontractor to

the system developer.

12.2 SELECTION OF A LICENSEE

The licensee can be selected by either the government

or the system developer. Each method has associated advantages -

and disadvantages. Whatever method is used, the program manager
must ensure that the source selection process leads to the

selection of a capable licensee. Such a licensee would possess

demonstrated engineering and manufacturing capabilities, as well

as a competitive cost structure.

To ensure the selection of a capable licensee, the

program manager must ensure that adequate technical data is

provided to potential licensees to enable them to prepare cost

2 George Francis Sparks, "Direct Licensinq in Major
Weapon System Acquisition," Na-,al Postgraduate School, September
1980.
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proposals. In addition, the program manager should conduct

on-site surveys, and request documentation of experience. Under

a licensing approach, the provision of adequate technical data is

a difficult area. By using a licensing method, the program

manager is recognizing the proprietary data rights of the system

developer. Thus, these data cannot be included in the licensee

RFP. The adverse effects of this problem can be limited by

including the government technical data package in the licensee I
RFP. The existence of proprietary data should be noted in the

RFP, so that qualified bi~ders are aware of the problem.

Program Office Selection of the Licensee

V' To solicit and select a licensee, the program manager

must undertake the following:

0 Assemble adequate technical documentation.

0 Prepare and release an RFP.

0 Conduct on-site reviews and audits.

• Evaluate the proposals and reviews.

"* Select a licensee and negotiate an award.

"* Negotiate a license agreement thdL Is acceptable
to the licensee and licensor.

These activities require considerable program office

administrative effort; however, they also reduce the risk of

selecting a noncapable licensee. Furthermore, program office

selection of the licensee establishes a direct relationship
_0

between the government and the licensee. The direct relationship
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enhances technical exchange and clearly identifies the government

as the licensee's customer. In addition, the diiect relationship . .

improves the program office's ability to monitor the progress of

the licensee in technology transfer and production qualification.

S

Program office selection of the licensee has many

advantages; however, it also presents a risk of selecting a

licensee that is unacceptable to the system developer. This may

be due to bitter rivalries in other areas or a desire on the part

of the licensor not to reveal certain aspects of the technology

to certain competitors. Forcing a license agreement under such

circumstances would invite slow technology transfer and further

complications.

Developer Selection of the Licensee

The system developer could perform the selection tasks

and select a _,censee, subject to program office approval. This

approach limits program office administrative effort and enhances

the selection of a licensee acceptable to the system developer.

Furthermore, program office liability related to licensee

performance is limited.

These advantages must be weighed against the

disadvantages associated with developer selection of the

licensee. The approach limits government visibility into the

licensee source selection process and may limit communication

between the government and the licensee. In addition, this
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approach requires that the licensee be a subcontractor to the

developer through production q'ialification. Subsequent

production would be performed under a prime contract to the

government. To provide incentives to the developer during

technology transfer and production qualification, the program

manager should specify technology transfer and qualification

milestones in the developer's contract and tie progress payments

to those milestones.

Selecting the Licensee

Both methods for selecting a licensee have been used on

prior DOD licensing ograms. The key difference between the two

approaches is the risk and complexity associated with de eloper

selection of the licensee. Clear recognition of these risks may

enable the program manager to structure a rigorous license

Sarrangement that avoids the problems of developer selection. The

key point in either selection method is that the program manager

must retain final authority over licensee selection. Following

this, direct communication with the licensee must be maintained. o

12.3 MOTIVATING THE DEVELOPER

One advantage of the licensing technique is that it is

tied to the developer's FSD contract. This tie can be exploited

by the program manager to motivate the developer to assist the

licensee in a timely manner. The program manager should consider

positive and negative incentives.
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Positive incentives, such as award fees, can be

directly tied to the FSD contract. Effective negative incentives S

have also been used on prior programs. For example, the

developer can be required to subcontract a portion of the initial

production buy t-3 the licensee, but still be liable for timely

delivery of the total buy. The program manager must recognize

that use of any incentive requires that the developer's

responsibilities be clearly defined. In addition, S

responsibilities must be reflected in a specific milestone

schedule.

12.4 TECHNOLOGY TRANSFER

Technology transfer under a licensing approach is S

achieved by the license agreement, which should specify the

following:

* Limited rights to the developer's proprietary data _

"* Data items to be provided to the licensee

"* Technical support to be provided to the licensee

"* Milestone schedules

The data items to be provided to the licensee should include all

design and process information necessary to manufacture, test,

and deliver the end item. These may include the following:

"* Engineering drawings and associated lists for the
complete end item

"* Electrical, hydraulic, and pneumatic schematics

* Logic diagrams

* Off-sheet parts lists
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* Specification control drawings (SCDs)

* interface control drawings --------

* Development specification for prime and critical
items

0 Product fabrication specifications for prime and
critical items

S

0 Process and material specifications

* Purchase descriptions

* Test reqjirements and special test equipment
drawings and specifications -

* Packaging data sheets

* Data processing system requitements

* Tapes for numerically controlled machining 0 -
operations

* Approved E Is

0 Approved specification change notices (SCbs) 0

0 installation drawings

0 Unijue manufacturing data

0 Special tooling drawings and specifications

* Quality assurance plans, procedures, and
specifications

The proprietary data included in these items should be marked

clearly. -

The license agreement also should specify the technical

support that is to be provided by the developer. This support _A_

may include in-process reviews, supplier qualification, provision

of subassemblies and test articles, bench tests, in-plant

assistance, design reviews, and production qualification

assistance. The support shouid be provided at a level necessary
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to ensure production qualification of the licensee.

Requirements for data delivery and technical support

should be reflected in a milestone schedule. The schedule should

work back from the desired licensee qualification date.

Potential milestones include the following:

"* Initial management meetings

"* Design briefings and engineering exchanges

"* Delivery of data items

"* Subassembly delivery and inspection

* End item disassembly, inspection, and reassembly
by the licensee

"* Subassembly fabrication and test

"* Subassembly integration and test

"* End item fabrication ..

* Production qualification

The exact activities related to each of these milestones would be

defined by program characteristics. The key is to identify _

relevant milestones and tie those milestones to the developer's

contractually provided incentives. The program manager then has

a useful tool to monitor progress and to motivate the developer. S

12.5 LICENSEE QUALIFICATION

The technology transfer milestones should be extended to

include production qualification of the licensee. Similarly,

incentives applied to the developer's contract should also extend

to licensee production qualification.

12-12
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Qualification can be certified either by the government

or by the developer with government approval. Neither approach

has a distinct advantage over the other, as long as the

qualification process is rigorous.

The program manager car. enhance qualification of the

licensee and configuration control. by requiring the licensee to

use test equipment identical to that used by the developer.

Simiiarly, the licensee should apply quality assurance and

configuration control procedures identical to those employed by

the licensor. One advantage of licensing is that the license

agreement typically includes this requirement.

The program manager also should consider production

rate demonstration as part of the qualification process. Such a

demonstration is a necessary condition for competitive production

of the end item. To ensure rate capability, the program manager - -

may direct a larger buy to the licensee following initial.

qualification. Successful delivery of this buy would indicate

true qualification of the licensee.

12.6 LICENSING IMPLEMENTATION

This chapter has presented alternative methods that .

could he used by the program manager to implement a licensing

approach to competitive prcduction. The fundamental difference

between licensing and other te.zhnology transfer techniques is

12-13
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that the developer retains the right to proprietary data and

system responsibility. This p.aces special. emphasis on careful,

early planning. Specifically, the program manager should

undertake the following:

* Ensure that the licensing clause on the
developer's contract adequately describes the 5
developer's responsibilities.

* Delineate the responsibilities of the developer,
the licensee, and the government in a Memorandum
of Agreemert.

* Develop a milestone schedule of technology

transfer and production qualification activities.

* Employ negative and positive incentives to
motivate the developer to assist the licensee.

1

-R

~---~-~--+



0

13. CONTRACTOR TEAMING

The contractor teaming approach to competitive

production is a complicated endeavor used to ensure adequate

transfer of complex weapon system technology. The teaming

approach has been employed recently by the ASPJ and the JVX

programs.

The project manager must recognize that effective use -

of contractor teaming requires formation of tear. during the

early development phases of the program. At the latest,

contractor teams must be formed prior to submittal of full-scale -

development (FSD) proposals. Thus, if teaming is to be employed,

the program manager must commit to production competition much

* .~'... 14- • 4e •~i~r• when em~loying other technologv transfer S
I

techniques.

Because each member of the team develops specific S

portions of the equipment and transfers that technology to the

other team member, both team contractors are qualified

concurrently for production of the entire end item. Following

qualification, the team is split for cormpetitive production..

These characteristics present unique implementation issues in the

following areas: -

0 Contractual relationships

iFor a more detailed discussion of contractor _ S
teaming, see Joseph Murray Ruppert and Steven Craig Sterrett,
"Competitive Contractor Teaming Second Sourcing Strategy as
Implemented by the Airborne Self Protecti-on Jammer Program
Gffice," Naval Postgraduate School, December 1983.
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* Team member selection

a Technology transfer

* Production qualification

* Configuration control

13.! CONTRACTUAL RELATIONSHIPS

A contractor teanming approach can be implemented

contractually in two ways:

0 A prime contract with one of the team members
would specify award of a subcontract to the other
team member.

* The team members could form a separate entity or
joint venture, to which the government would award
a prime contract.

Both methods have associated advantages and disadvantages. The

key point of interest to the program manager is tnat the program

office awards and monitors a single development contract under

either method. The methods differ as to the agreements between

the team members and the associaW-ed responsibilities implied by

those agreements.

Subcontract Method

As mentioned, the contractor teaming approach could be
_ 0

implemented contractually by requiring that the prime contract

with one of the contractors specify award of a subcontract to tile

other team member. The program manager must recognize that this
S

method requires considerable program office administrative effort
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to ensure the integrity of the team approach. This effort

includes the following:

0 Solicitation of the teaming approach in the
Request for Proposal (RFP), including a contingent
subcontract arrangement that clearly specifies the
responsibilities of the team members.

* Evaluation of the proposals with special emphasis
on the subcontract agreement. Site surveys,
preaward audits, and detailed negotiations may be
required to ensure the formation of a viable team.

* Award and negotiation of the contract.

The detailed prea-ward activities are required to ensure

successful implementation of the subcontract method. The program

manager should note that under this method the program office has

no direct access to the subcontractor following contract award.

Thus, the program manager must ensure the contractor team is

viable prior to award ot the contract.

In evaluating the proposals, the program office must

ensure that both contractors are capable of producing the entire

system. Demonstrated production capability on prior similar

programs should be a key source selection criterion. The program

office should guard against the development of teams composed of

complementary contractors. In a subcontract arrangement, the

contractors may remain merely complementary, as a result of

inadequate technology transfer, and thus present the program ..

manager with a single source supplier.

The key advantage of the subcontract method is that it

can be implemented using existing contract vehicles. Special

13-3
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clauses may be required; however, there is no need to develop

special teaming agreements. In addition, since one of the team

members is a prime contractor, that firm assumes clear

responsibility for the development effort.

This advantage also can prove to be a disadvantage, in

that the prime contractor may be able to exercise considerable

leverage over the subcontractor. Rather than a true team, the ..

arrangement may lead to a classical prime-subcontractor

relationship. Furthermore, the program office has no direct

contractual link to the other team member. If problems arise,

the program manageL must work through the prime contractor.

Finally, if the prime cont-ractor is lax in transferring

•--• .... • e, nwpmrhr has fpw options. A: a

subcontractor, the team member cannot force the prime contractor

to cooperate.

joint Venture Method

Another method for implementing contractor teaming is

through the establishment of a joint venture. The joint venture

would be a new corporate entity, supported and staffed equally by

both team members. To implement a joint venture, the following

activities must be undertaken:

* The program office mu;t release an RFP, specifying
a teaming approach and a joint venture method.

* Potential contractors must identify and form .
teams.

13-4
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"* The contractors must enter into a preliminary
Teaming Agreement to enable efficient preparation
of the proposals.

"* The proposals must be prepared and submitted in
accordance with a joint venture approach.

* The program office must evaluate the proposals and
select a winner.

• The winning team must enter into a formal Teaming
Agreement establishing the joint venture.

0 The contract must be awarded to the joint venture.

The joint venture method places much of the

administrative burden on the contractors, thus limiting program

office administrative involvement. In evaluating the proposals, .

the program office must ensure the contractor team will be

capable of competition; however, the program office is not

required to specify the details of the contractors' arrangements.

The joint venture method also establishes the two

contractors as equal team partners. Each must rely on the other

team member for critical subsystems and deliveries. Thus,

contractor cooperation is enhanced and many of the potential

problems associated with the subcontract method are avoided.

The joint venture method also removes much of the

potential technology transfer burden from the program office. If

one of the team members is lax in transferring technology, the-

other member can exercise considerable leverage. This is -

possible only because of the balanced interdependence of the two
S

contractors.
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A joint venture also presents several disadvantages.

This complex method of establishing a contractor team requires

that a new entity be formed, that team members be identified,

that personnel be assigned, and that accounting and

administrative procedures be established. These activities place

a heavy burden on the contractors and require continuing

contractor cooperation.

Another potential disadvantage of a joint venture is

that while equal partners may be established, they may remain

geographically separated. Thus, the program office may be faced

with three entities (a joint venture and two contractors),

complicating program management. This is in contrast to the

subcontract method that clearly involves only one prime contract

with the government. I
Selecting a Method

I
The joint venture method presents several advantages

over the subcontract method of establishing contractor teams.

Unfortunately, the program manager cannot force the contractors

to form joint ventures. The preference for a joint venture can

be stated in the RFP; however, it is unlikely that the program

office can force a joint venture method. Thus, the program

manager may have to accept a subcontract method. In such a

circumstance, detailed contractual agreements must be reached

prior to award of the contract.

13-6
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13.2 TEAM MEMBER SELECTION

The selection of team members and the formation of

teams must be accomplished by the contractors. The program

office cannot direct the establishment of a particular team nor

can it identify a preferred contractor to team with. Such

direction would place considerable risk on the program office.

The program office can influence the selection of team

members by insisting in the RFP that both team members have

demonstrated production capability with similar end items. The

team's productior strengths should be evaluated in the source

selection process. Complementary teams could be judged as

nonresponsive to the RFP, if both team members had not produced -.

all-up end items. In this manner the program manager could

enhance the development of teams capable of future competition,

wh'ile not directing the composition of any particular team.

13.3 TECHNOLOGY TRANSFER

Technology transfer under a teamirng approach to

competitive production is achieved through direct contractor

exchange. The exchange should be phased to ensure concurrent

production qualification of the contractors. Specific activities

may include the following:

9 Exchange of subsystems and data for inspection,
disassembly, and reassembly by the other team -
member

* Fabrication and test of several joint articles
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"* Simultaneous exchange of technical data and
provision of engineerinq support

* Fabrication and test of subsystems by the other
team member

"* Fabrication and test of independent all-up end
items

These activities could form the key milestones on a technology

transfer schedule. The specifics of the schedule would be

determined by program specific circumstances and manufacturing

methods.

The development schedule of critical subsystems may

preclude simultaneous exchange of technical data. In such a - •

circumstance, it is particularly important to identify data

delivery dates. The criticality of this schedule is 'ue to the

io3s of ieverage suffered by the tecd., .i..... WtL ha aeleady 1

delivered the data associated with developed subsystems.

13.4 PRODUCTION QUALIFICATION

Under a teaming approach, the government should conduct

concurrent production qualification of the two firms. Both

contractors should be qualified on identical test equipment; thus

the program manager must anticipate duplicative sets of test

equipment down to the iowest level. Furthermore, the program 9

office must conduct in-process reviews, configuration audits,

cost audits and analyses, cost schedule control system

verifications, vendor analyses, and end item qualification at two

facilities. These activities may require assistance from other

13-8
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government agencies. In qualifying the team members, the program

manager should anticipate the complexity of the task and identify

additional support, if required.

The program manager also should consider maintaining

the contractor team through initial production, to ensure

production rate capabilities. The team would be awarded a

production contract which specified a 50/50 split between the two

contractors. Following successful deliveries of both

contractors' end items, the team could be split for competitive

awards.

13.5 CONFIGURATION CONTROL

once the team is split for competitive production, the

program manager is faced with the issue of who maintains

configuration control and design responsibilities. This could be

a significant problem if the end itern must be integrated with

several other systems.

One method to limit this potential problem is for the

program office to assume configuration control following initial

production. The program manager could establish a configuration

control board that included both contractors. The board would

exercise approval authority over both Class I and Class TI change

proposals from both contractors.
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This method will enhance strict configuration

maintenance; however, it may also discourage innovative design

changes that reduce cost. A contractor may be less likely to

suggest cost reducing proposals if they must be approved by the

firm's competitor. The program manager should anticipate this S

problem and provide sufficient design flexibility to encourage

cost reducing changes, while maintaining adequate configuration

control. This can be accomplished by specifying commonality of

the equipment at or above the throwaway level. Design changes

below the throwaway level could be undertaken without the need

for approval by the joint configuration control board.
S

13.6 CONTRACTOR TEAMING IMPLEMENTATION

As discussed, the contractor teaming approach to

production competition is a complex endeavor, requiring

considerable administrative effort and planning. In implementing

a teaming approach the program manager should undertake the

following:

0 Include the team concept in the program's initial
acquisition strategy and in the development RFPs,
stating a preference for joint venture
arrangements.

* Allow the contractors total latitude in developing
tearis and identifying contractual methods.

"* Ensure that the source selection criteria measure
the demonstrated production experience of the team
members.

" Establish a milestone schedule for technology
transfer. 7

"* Concurrently qualify both producers for
production, using identical test equipment.
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* Maintain the team through initial production to
ensure production rate capability.

* Establish a configuration control board that is
chaired by the program office (as configuration
control agent) and that includes both contractors.

S

.p.

6

- *
A1
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14. PRODUCTION AWARDS

0 -H

Following technology transfer and second source

"qualification, one of the key issues facing the program manager

is the allocation of production quantities during the split buy,

competitive phase of production. Typically, in a competitive

production program, the low bidder is awarded the major portion

of the annual buy, but the high bidder is assured award of at

least part of the buy. This guarantee, resulting from the desire

to maintain two production sources, may diminish competitive

pressures. .

Several methods of production quantity allocation have

been suggested and employed successfully. The following methods

are discussed below with reference to historical experience:

• Minimum Total Cost Rule

0 Solinsky Rule - -

0 Pelzer Rule

* PRO Concept

In addition, the use of multiyear awards and buy out are 0

discussed.

The adaptation of one of the award methods to a

particular program should reflect program circumstances and

goals. The program manager should ensure that the method -.-

employed is understandable and that it enhances the competitive

environment by limiting the potential for contractor gaming. The
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first consideration in developing an award split methodology

involves the use of a minimum sustaining rate.

14.1 MINIMUM SUSTAINING RATE

The use of a minimum sustaining rate involves the

guarantee of a fixed portion of the annual production buy to the

higher bidding contractor. This rate is normally the lowest

production rate required to maintain the contractor in pro-

duction. Such a minimum may be as low as 10 percent of the buy.

Splitting the production buy ensures the viability of

future competition. The split award also involves an apparent

short-term loss in efficiency, in that award of the entire year's

production buy to the low bid contractor could yield a lower

procurement cost for the given year, compared to a split buy. On

the other hand, the loss of a year's production exgerience would -

reduce the capability of the higher priced contractor to compete

for future awards. This could result in establishing the w*nner

of the initial competition as a sole source supplier, subjecting

the government to potential monopoly pricing.

Several authors have contended that a guaranteed

minimum rate diminishes the competitive environment. 1 It has

IJay L. Pelzer, "Proposed Allocation Teuhnique for
a Two-Contractor Procurement," Air Force Institute of
Technology, May 1979.
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been suggested that contractors may overprice the lower

quantities, thus attaining excess profits. Normally this

potential problem i3 overcome during negotiations with the high

bid contractor; however, if a minimum rate has been guaranteed,

the program manager has lost some negotiating leverage. Also, it

is argued, contractors may be content with the lower quantity and

thus not bid aggressively for the higher portion.

These potential problems have been overcome on prior B

pi..rams that employed sustaining rates successfully. Program

managers and contracting officers have developed specific

techniques to take advantage of the competitive environment and

to limit potential contractor gaming.

14. THE MINIMUM TOTAL COST RULE

The minimum tital cost rule involves solicitation of

contract r prices for various portions of the total quantity buy.

For ex- jle, lot prices for 40, 45, 50, 55, and 60 percent of the

buy may be requested. The contractors' corresponding competing

bids are summed for a total lot cost. The least cost combination

determines the award percentages. An example of this technique

is shown in Table 14.2-1. The example is based upon an Army

Missile Command (MICOM) program, involving an annual buy of

20,000 missiles.,

2 J. A. Muller, "Competitivc Missile Prccurement,"
Army Logistician, Volume 4, Number 6, November-December 1972.
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Table 14.2-1

Example Minimum Total Cost Rul.'

Contractor A Contractor B

Percent of Bid Percent of Bid Total Cost
Buy Lot Buy Lot in Millions 6

Cost Cost of Dollars
$M $M

40 52.2 60 76.8 129.,0

45 58.5 55 70.8 129.3

50 63.9 50 64.5 128.4

I - -

55 69.3 45 58.2 127.5 s

60 72.0 40 51.6 123.6

As shown in Table 14.2-1, the minimum total cost

combination occurs when contractor A receives 60 percent of the

award and contractor B receives 40 percent of the award.

The minimum total cost rule is subject to potential

contractor gaming, in that the contractors are presented with the 2
opportunity to raise their bids on the smaller quantities. Such

manipulation may result in award of the larger portion of -
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production to the high cost bidder. This can be demon-

strated through a numeric example based upon the example

shown in Table 14.2-1. If contractor B increases its

lowei quantity bids, the larger share of production would

be awarded to contractor B. This is shown in Table 14.2-2.

Contractor B's bids were increased by 5 percent for the 50

percent bid, 10 percent for the 45 percent bid, and 20 percent

for the 40 percent bid. As shown in Table 14.2-2, the bid

series does not appear unreasonable.

Table 14.2-2

Example Minimum Total Cost Rule

I ________________,______________________ILI
Contractor A Contractor B

SI •.
Percent or Bid P .t 1 rr.cs-

Buy Lot Buy Lot in Millions ----

of Dollars
Cost Cost
$14 $M

40 52.2 60 76.8 129.0

45 58.5 55 70.8 129.3

50 63.9 50 67.7 131.6

55 69.3 45 64.0 133.3

60 72.0 40 61.9 133.9 --.

3 David W. Elam and Paul Martin, "Requirements for
Successful Implementation of a Competitive Dual Source Production
Strategy," The Analytic Sciences Corporation, October 1980.
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One method to limit potential bid manipulation is to

conduct should cost audits of both contractors prior to

solicitation. These special should cost audits enable the

government to establish reasonable bounds for the contractors'

bids. If the actual bid prices appear unreasonible, detailed

supporting documentation can be requested. This procedure was

employed by MICOM on two mis3ile programs, TOW and SHILLELAGH.

14.3 SOLINSKY RULE

Another quantity allocation technique developed by the

Army involves solicitation of contractor bids for various

quantities and calculation of midpoint bid prices. These prices

are used as inputs to an arc-tangent formulation that determines

the production split. This method is referred to as the Solinsky

rule.

The Solinsky rule was developed to enhance agg-essive

bidding by awarding percentage shares of production, based upon

the difference in bid prices for a midrange quantity. If the

differential between the two contractors' bids is large, the

percentage share differential is large. Similarly, if the bid

differc.,"ial is small, the percentage share differential is

4 Kenneth S. Solinsky, "A Procurement Strategy for
Achieving Effective Competition While Preserving an Industrial
Mobilization B~ase," U.S. Army Electronics R&D Command, Night

Vision and Electro-Optics Laboratory (undated).
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small. The bid differential is calculated as shown in equation

14.3-1.

Company B price -Company A price
Company B price + Company A price (14.3-1)

0 The bid differential is calculated for the midrange

quantity only. As an example, if the total buy equals 10,000

units and bids were solicited for ranges of 2000-4000, 4000-6000,

and 6000-8000 units. the bid differential (X) would be calculated

for the 4000-6000 range only.

IL The percentage share of production is calculated

according to an arc-tangent formulation. An example formulation

is presented in Figure 14.3-1.

CURVE 1
F PRPERCENT G;: PRODUCTION 0CRV2

QUANTITY AWARDED " ii
TO COMPANY A 

80% .....-

"

70%-

60%.-
-0.5 -0.4 -0,3 -0? -. !

0.1 0.2 0.3 0-4 0.5 - __

-40%

20% _ Co. R PRICE - Co- A PRICE

Co B PRICE + Co. A PRICE -A ..

• '• - 10%.

Figure 14.3-1 Example Solinsky Rule
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As shown in Figure 14.3-1, the Solin3ky rule can be

portrayed as a four-quadrant diagram. The ratio of company B's -

bid to company A's bid is presented along the X-axis. The

percent of the production buy awarded to company A is shown along

the Y axis. A family of arc-tangent curves, similar to curve 1

and curve 2 in Figure 14.3-1, can be generated by the program

office by varying the constants assoc ated with the arc-tangent

function. As shown, the possible award outcome can vary

significantly depending upon the particular arc-tangent function

that is chosen. A particular function would be selected by the

program office prior to releasing the RFP.

The Solinsky rule limits the potential problems

associated with the minimum cost rule; however, it also is - -

susceptible to contractor gaming. This is due to its reliance on

a single midrange price. The method presents an incentive to the

contractors to minimize the midrange price and to inflate prices

outside of the midrange. This is particularly attractive to the

contractors, because the actual award probably will be outside o!

the midrange. A profit maximizing firm may price the outer range

quantities up to the point where marginal profits gained from a

higher price are equal to the marginal profits lost from a lower

award quantity. 
5

5 Charles H. Smith, "On Defense Production
Contracting with Multiple Sources and Limited Competition," APRO
Research Paper P-7, March 1982.
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The Solinsky rule was used successfully by the U.S.

Army Electronics Command (ECOM) Night Vision Liboratory during

the competitive production of the AN/PVS-5A Night Vision Goggles.

The application included a minimum award of 10 percent of the

10,284 unit total procurement. Prices were solicited from both

contractors for seven ranges, beginning with 2-2000 units up to

12000-14000 units. The contractors w-re given explicit details

of the award methodology, except for the exact form of the

arc-tangent function. This was done to limit contractor gaming.

In addition, ECOM reserved the right to split the award at the

midrange and to audit the contractors' bids. The audits were

conducted and production contracts negotiated. The production

contract totaled $74 million, a $7 million cost savings compared

to budget estimates.

14.4 PELZER RULE

The effect of price competition on product quality is

an area of great concern. It has been argued that price

competition forces contractors to trade off cost and quality,

often leading to reduced system performance. Pelzer has

developed an allocation technique that reduces this risk, by

incorporating quality and other relevant factors into the award

formulation.
6

6 Jay L. Pelzer, "Proposed Allocation Technique for
a Two-Contractor Procurement," Air Force Institute of Technology,
May 1979.
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The Pelzer technique assumes that the system developer

will enjoy considerable production experience relative to the
0

second producer. Thus, the second producer could not be price

competitive. To adjust for this, Pelzer develops an index

weighting system which reflects relative price decreases over a _ _
Ig

three-year period.

The technique involves requesting bids from both

contractors for various production quantities. The bid prices

are then fit to a quadratic equation to reflect the effect of

production rate variations on unit costs. Average unit costs are

calculated for both contractors and then input into the selection

formula.

The selection formula includes other factors such as

equipment performance and timeliness of delivery, measured as

achieved performance versus desired. The factors are weighted

according to their relative importance. Mathematically, the

other competitive factors are calculated as shown in equation

14.4-1.

SXS

where:

w the weight assigned to factor X _x
R =the achieved contractor perfor-

X mance for factor X

s = the specified standard for
x factor X 0
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The Pelzer technique for calculating the annual

competitive index can be expressed as shown in equation 14.4-2.

Ia = (Pa) (Fl) (F 2 ) (F 3 ) . . . (Frn) (14.4-2)

.4h, re:
1 = the annual total competitive index

for contractor A

Pa =the average unit line price bid for
contractor A

Fj through Fn are other competitive
factors.

The annual index is used to calculate an overall

competitive index for the contractor that reflects the

contractor's competitive behavior in the two prior years.

Mathematically the index is calculated as shown in equation

1.4 . 4-3.

Overall Index = Ia,n X ia,n x ia n-I (14.4-3) . ...
Ia,n-I Ia,n-2

The ratio of the two contractors' overall competitive -

indices is used to determine the production quantity split.

The Pelzer approach presents several advantages over

prior allocation techniques. Contractor gaming is limited by the

use of a three-year, moving-average index. In addition, the

inclusion of factors other than price reduces the risk of late

deliveries or poor performance.

The Pelzer approach is relatively complex; however, it

is not immune to contractor bid manipulation. Pelzer describes

several ways in which the technique can be gamed. For example,
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"a contractor perceives he can win a high percentage c the

award by bidding a certain average unit cost, he may mai ilate

his bids. The lower percent bids could be reduced and the higher

percent bids increased while maintaining the same average bid.

Thus, if awarded the higher quantity, the contractor could obtain

excess profit. Despite these potential problems, the Pelzer

approach was employed successfully in the procurement of the

GAU-8 30-millimeter ammunition.

14.5 THE PRO CONCEPT

*7-.

The Profit Related to Offers (PRO) Concept was

developed by the Navy Strategic Systems Project Office (SSPO) for

use during competitive production of the Trident MK-5 Inertial •

Measurement Unit and Electronics Assembly. This approach differs

from other allocation techniques in that both competing

contractors receive 50 percent of the production award. 7

Profit margin is adjusted based upon the contractors' bids.

The PRO Ccncept was devised to avoid the potential low

quantity bidding games associated with other allocation

techniques. In addition, the concept stresses product quality

and performance, rather than merely bid price. This was a key

7 This discussion is based upon materials provided
by John Dunagan of SSPO to J. W. Drinnon on 7 July 1983. This p
material included: K. V. Fleminy, "The PRO Concept," February
1930.
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concern of the SSPO, who developed competitive sources to ensure

an adequate supply of strategically critical subsystems.
6

The concept can be summarized as the following six

steps:

1. The project office determines a competitive price
range for the equipment.

2. Both contractors are asked to submit target cost
bids for 50 percent of the annual buy.

3. If the bids are within the competitive range, the
low cost bidder is the winning contractor and is
awarded a fixed pr: ce incentive contract at the
proposed target cost. The contract includes a
predetermined target profit and a predetermined
share line.

4. The high cost bidder is awarded a fixed price
incentive contract at the bid target cost if the
bid is within 25 percent of the winning
contractor's bid. A target profit is detettiled u
based upon the dispersion of the two bids.

5. If the high bidder's proposed target cost is
greater than 25 percent of the winning
contractor's bid, target cost is determined by
negotiation. Target profit is determined by
weighted profit guidelines.

6. Share line relationships between target cost and
contract ceiling are determined by a random
procedure, to deter contractor gaming.

As discussed in Step 4, the high bid contractor's

target profit Js determined based upon the dispersion of the

bids. An example profit formula is presented in equation 14.5-1.
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0.140 CW - 0.3 (CL - CW) if 1.00 < CL/CW • 1.25

P = 0.065 CW - 0.075 (CL - CW) if 1.25 < CL/CW • 1.50

.04625 CW if 1.50 < CL/CW (14.5-1)

Where-

CL = Bid cost of the losing contractor •

CW = Bid cost of the winning contractor

PL = Target profit of the losing contractor
e

As shown by equation 14.5-1, there are significant

profit penalties for the losing contractor if his bid is a great

deal higher than the winner's bid. On the other hand, if the -

bids are close, the losing contractor receives a target profit

that approaches that of the winner. This formulation enhances

competitive bidding by motivating both contractors to bid their .

best estimates initially. Furthermore, if the losing

contractor's bid is 25 percent greater than the winner's bid,

target cost is negotiated and the share line is adjusted. .

The PRO Concept was developed to avoid the problems

associated with other allocation techniques that base quantity .

splits strictly on cost. It presents the additional advantage of

maintaining both contractors in competitive positions for the

following year's buys, due to the equal quantity split. The PRO - -

Concept has evolved over the last four years, with continual

adjustments made by SSPO to deter contractor gaming. In

addition, the profit formulation for the losing contractor xs ...
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adjusted annually to avoid the potential problems of bidding to

lose.

14.6 MULTIYEAR AWARDS

Often the use of multiyear awards is viewed as an

alternative to competitive production. Rather than adopt this

view, the program manager should consider competitive production -

and multiyear procurements as complementary. Multiyear awards

have been employed on several prior competiti-ve production

programs, such as GAU-8 30-millimeter ammunition and the Army Night -

Vision Goggles. In addition, multiyear buys are planned for AMRAAM.

These programs involved split buys in which both contractors were

awarded nuitiyear contracts.

The benefits of multiyear awards and production

competition can be obtained if sufficiert attention is given to

the duration of the multiyear award. Extended awards may

facilitate contractor planning and supplier purchases, thus

"leading to reduced costs. Extended awards also tie the second

producer to the smaller production quantity for a longer period,

possibly adversely affecting the firm's ability to price

competitively for future awards. Thus, the program manager must

weigh the frequency of competition against extended multiyear

awards. In addition, potential for product innovation and design

growth should be considered when determining the length of

multiyear awards.
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14.7 BUY OUT

MICOM has combined multiyear techniques with production

competition by employing buy outs at the end of the production

run. A program buy out typically occurs after a series of annual

competitions and involves the award of all remaining production

to the winner of a final competition, even if the remaining items

are to be produced over several years.

The buy out enables the program manager to obtain the

benefits of competition as well as the efficiencies of a large

production run, if the buy out is well planned. For example, the

program manager should be sure the program is at the end of its

nroduncti on run- Tf prnduction ig extended be'ond the buy out. •

the losing contractor will not be involved ir. the program, and

the program manager will be in a sole source situation.

Configuration control responsibilities following the

buy out should also be considered. If the system developer loses

the buy out, the second source may assume design responsibilities

or the system developer may retain configuration

responsibilities. The latter alternative presents the awkward

situation in which a contractor who is not producing an item --

maintains configuration control.

Also, a buy out program can backfire on a program

manager whose system design is not firm. Future ECPs can provide

14-16
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the winning contractor with opportunities to gain excess profits

from his monopoly position. --

14.8 PROGRAM CONSIDERATIONS

In addition to the buy out issue, other program

considerations must be assessed relative to the award

methodclogy. For example, product improvement may lead to the . -

production of two different configurations. The award

methodology would have to reflect the presence of alternative

designs. Similarly, other considerations may play a greater role

than cost in source selection. Factors such as performance,

reliability, or schedule may be key program cor :erns. These

COTncerl1 MIS, -1-Ct "eadACAU-t-c-1 re-resented in the awardl m.-t-hoefrd ogy

The meth 3logies for competitive production allocation

have developed in sophistication and complexity. The program,

manager must adapt the various methods to particular program

requirements. The methodology selected should be well understood

by the government and contractors.
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15. LOGISTIC SUPPORT

One of the potential costs attributed to competitive

production results from the complexities which may be introduced

into the logistic support of the weapon system. Because

deployment of two configurations may lead to additional spares, .

support equipment, technical data, and training requirements, the

program manager should consider logistics issues early in

planning for production competition. Many of the problems

encountered on prior programs can be avoided by giving adequate

consideration to configuration management and the system

maintenance concept.

15.1 CONFIGURATION MANAGEMENT

Rigorous configuration management can decrease the

potential adverse logistics effects of competitive production.

To achieve adequate configuration control the program manager

should do planning in four problem areas:

0 Designation of the configuration control agent

• Processing of Class II ECPs

0 Design of configuration management systems

a Specification cf test equipment

Chapter Five discussed the importance of these matters in

achieving a successful production competition program. This

section presents the advantaqes and disadvantages of alternative

methods of handling these potential problems.
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The role of configuration control agent can be

performed either by the system developer or by the program
office. Normally, the system developer will maintain

configuration control up to Critical Design Review (CDR).

Following CDR the program office can assume configuration control
U

responsibilities or delegate this responsibility to the system

developer for a finite period. The government must at some point

during production assume configuration control.

There are several advantages associated with contractor

configuration management through initial production.

Producibility changes introduced during initial production can

conveniently be incorporated into the data package by the

contractor. Thus, when a stable design is achieved, the current

configuration documentation can be delivered to the government.

This reduces program office personnel requiremerts and avoids the

generation of outdated technical documentation.

Ii a competitive production program, configuration

control by the system developer also presents potential 0

disadvantages. As the control agent, the developer can approve

or disapprove engineering changes proposed by the second source.

In addition, the developer can implement design changes without

consideration of their impact on the second producer's costs.

These factors may have an adverse effect on the ability of the

second source to produce the system efficiently in a competitive

environment.
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0

Government assumption of configuration control

responsibilities avoids these potential problems; however, a

greater management burden is placed on the program office. In

addition to an increased engineering staff, the program office

may require increase, igineering support from other Do!
* .0

activities. The program manager should anticipate these costs

when considering early government configuration control.
* .0 l-

This increased staff may enable the program office to

exercise a great deal of authority on the configuration control

board (CCB). it is suggested that the beard include program

office personnel and personnel from both contractors. This

decreases the potential for the introduction of changes that may

have an adverse effect on one of the producers. -

Government configuration control is particularly

advantageous when considering Class II ECPs. There are two types

of ECPs:

a Class I--a noninterchangeable alteratior in
equipment which may have an impact on the cost of
a system.

* Class II--a change where altered assemblies or
components are capable of being freely exchanged
with earlier designs.

Class -T ECPs are normally reviewed by the CCB, which

evaluates the implications of approval and determines

implementation. Class II ECPs are usually evaluated by a

resident government representative who approves the
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classification. The changes are then initiated by the

contractor.

ECPs in a competitive program present two

complications. First, a cost-reducing change by one contractor

may increase the cost of the other contractor. Second, a Class

II ECP for one contractor may be classified as a Class I change

for the other contractor. The two complications could diminish -.

the ability of one of the producers to compete effectively.

These potential complications can be avoided by

government control of configuration matters. The participation

of both contractors on the CCB and CCB approval of Class II

changes, as weli as class i proposals, would endble thLe pi am.....

office to assess the effect of all changes on both contractors.

Another approach to controlling potential logistics

problems is to insist that the two contractors have compatible

configuration management systems. This can be achieved by

requiring the second source to demonstrate compatibility with the

developer's system as part of his response to the second source

RFP. The use of compatible configuration control systems has

several advantages. For example, technology transfer is

enhanced. Design specifications can be transferred through

compatible computer systems, thus avoiding creation of

unnecessary drawings and other paper. In addition, effective

government configuration audits can be accomplished efficiently.

Finally, the contractors and the government can discuss desiqn
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changes with reference to the same control numbers. The use of

compatible systems avoids many of the problems associated with

technology translation on a competitive production program.

Configuration control can be further enhanced by the

use of identical test eqLipment by both contractors. The program

manager should specify the use of identical sets of test

equipment down to the lowest level of commonality. This will

enhance product quality, as well as introduce limitations on

design flexibility. On the other hand, this rigid constraint. may

also limit potential cost reduction by the second producer. The - 0

cost advantages of relaxing the constraint should be investigated

following second source production qualification.

Vigorous configuration management and adequate program

office visibility can diminish the potential adverse effects of

competitive production on fogistic support. As discussed,

special emphasis must be placed on configuration control by the

program office. Therefore, the program manager must anticipate

increased configuration management activity and plan for

additional support and petsonnel. This activity may extend to

key subsystem suppliers as well as the system contractors. To

ensure adequate control, configuration management must address

all critical items down to the lowest level of equipment

commonality.

1
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15.2 MAINTENANCE CONCEPT

The prudent program manager will require that the level

of commonality between the two producers' equipment be consistent

with vhe system maintenance concept. Thus, if two-level

maintenance is planned, the contractors would be required to

produce systems with interchangeable shop replaceable units

(SRUs). By determining the level of equipment commonality, the

maintenance concept also determines the degree of configuration

control that must be exerted, as well as the degree of design

flexibility afforded to the contractors. These

interrelationships are summarized in Figure 15.2-1.

SYSTEM
MAINTENANCE

CONCEPT

REQUIRED LEVEL
OF EQUIPMENT

COMMONALITY

DEGREE OF REQUIRED LEVEL

CONTRACTOR OF D
DESIGN - CONFIGURATION

FLEXIBILITY CONTROL

Figure 15.2-1 Maintenance Concept Relationships _ S
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Because the weapon system maintenance concept often is

undefined early in a program, the program manager may have the

opportunity to investigate alternative support concepts in

relation to production competition. Within the general support ---

requirements of the system, the program manager can investigate

possible trade offs between design flexibility and potentially

increasing support costs. For example, compatible designs at the

fault isolation level would reduce potential spare parts

complications; however, early in the program the fault isolation

level is often undetermined. A most efficient fault isolation

level, reflecting operational requirements and production

competition issues, could he identified by analyses conducted by

the program office and the system developer. Deviations from

thiS 90al, tO ET,.Lar*e P~dCOUCt*Lion COMPEtitLlOný, CT be investigated

and approved on the basis of economic analysis.

In particular cases, the support concept is the key

determinant of logistics costs. For example, a tactical missile

may be maintained in cold storage. In this case, the frequency

of missile testing, rather than subsystem failure, may be the key

contributor to logistics costs. Thus, design differences below

the system level may have a negligible effect on cost, compared

to frequency of testing.

In other cases the program manager may be faced with

two-level or three-level maintenance concepts. The system may be

complex, involving expensive subsystems, spare parts, and

maintenance training. In such rasea-) commonality at the
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throwaway level may be preferred. The use of built-in test

f equipment %BITE), consistent with the system configuration, may

enhance fault isolation and reduce maintenance downtime. In a

competitive production program, interchangeability of the

contractors' subsystems at the BITE level can diminish potential lop

logistics problems.

im Interim contrautor support (ICS), through engineering

support ccntracts or warranties, can also diminish potential

logistics problems. The program manager must assers the

potential of warranties with adequate consideration of two key

factors. First, the transfer of the system to organic support

must be adequately addressed. The use of warranties or ICS

!M simtpiifies init-al support; 'how'ever the may also conceal

configuration differences that could have significant adverse

effects when transitioning to organic main'C.nance.

Another warranty issue is the willingness of the second

producer to warrant his end items produced from another

contractor's design. The second producer may consider such an .3
arrangement as too risky. Similarly, it is unlikely that the

developer will warrant the second producer's end items. Thus,

the program manager may face the potential for warranted and

unwarranted items in the inventory simultaneously.

In concluding this chapter, it is important to note

that competitive production also presents several logistics

advantages. If the contractors' end items are common, the two

15-8
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production sources are capable of competing for follow-on spares.

In addition, if alternative suppliers have been developed, the0

- potential for competi-tive break out is enhanced. Thus, potential

cost savings resulting from spare parts competition may offset

I potential cost ir.creases which production competition may

introduce in other logistics areas.
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16. OTHER CRITICAL ISSUES

The use of production competition as an acquisition

strategy affects all aspects of the program. Several authors

have discussed specific areas that the program manager should

consider. These areas include the following:

* Facilities

• Value engineering

* Spare parts procurement

"* Product performance agreements

"* Preplanned product improvement

This chapter discusses the relationships between these areas and

the execution of a competitive production program.

16.1 FACILITIES

The establishment of two production facilities for a

weapon system or component presents the program manager with

issues in two areas: capacity ý-etermination and productivity

planning. The program manager must determine the capac4.tv

required by the government at the two production plants.

Furthermore, the program manager must investigate the use of

industrial modernization incentives at one or both facilities.

-"Production Competition lorkshop," Defense Systems
Management College, Fort Belvoir, Virginia, April 1983. 0

0
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Capacity Considerations

One often-cited concern is that production

competition may lead to excess capacity at the contractor plants,

due to splitting the production buy. This excess capacity

leads to a higher overhead burden and thus to a higher unit cost.

The program manager can reduce this cost through proper

3facilities planning. If a competitive production program is

planned, the program manager should anticipate the establishment

of two production linen, each one smaller than that established

under a single source approach. The problem facing the program

manager is to determine the most efficient size of the two

facilities.

To determine an efficient size of the production line,

the program manager mush undertake economic and technical

analyses. A simple economic approach can be adapted from

economic theory and recent empirical research. Theory suggests

that as production rate increases, unit cost decreases due to

increased overhead absorption and production efficiencies. This

declining unit cost can be mathematically represented in many

2M. N. Beltramo and D. W. Jordan, "A Brief Review

of Theory, Analytic Methodology, Data, and Studies Related to -.-. 1
Dual Source Competition in the Procurement of Weapon Systems,"
Science Applications, Inc., August 1982.

3 Louis A. Kratz, "Dual Source Procurement: An
Empirical Investigationi," The Analytic Sciences Corporation,
EM-223-WA, August 1983.
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ways. A simple way is to represent the unit cost decline as

similar to the progress curve, as shown in Figure 16.1-1.4

*B
/e

A. -

0 I

0 '..

L JL

- R2
PRODUCTION RATE

Figure 16.1-1 The Effect of Production Rate on Unit Cost

As production rate increases, unit costs decline.

During the buildup phase of a production program, a contractor

will incrementally increase the amount of dedicated tooling

on-line. This is reflected as a movement down curve A, to

some point R1 -

4 john E. Bemis, "A Model for Examining the Cost
Implications of Production Rate," CONCEPTS, The Journal of
Defense Systems Acquisition Management, Volume 4, Number 2,
Spring 1981.
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The production rate in effect at R1 is determined

by a variety of factors, such as operational requirements,

special tooling and test equipment constraints, and manpower

considerations. Thus, detailed engineering and manufacturing

analyses may be required to identify R1 for a particular

program, in a particular plant.. For this discussion, R1 can

be viewed as the planned single source capacity requirement. For

example, a production program may entail a planned buy of 3,000

units per year, based upon operational and manufacturing

considerations.

The program manager of a competitive production program

must determine the size of two facilities, given a split buy.

Toolino two lines to R. clearly would be inappropriate. The

program manager should recognize that once capital equipment is

on-line, production rate cutbacks may have a more dramatic effect
5

on unit cost than would be expected from line A. The unit

cost production rate curve would be steeper than line A, as

represented by B. Thus, production rate cutbacks to R2 due

to a split buy may have large effects on unit cost as shown by Y

In contrast, if the program manager initially had

tooled the line to R2 , the inefficiency would be represented

by X. Thus, a small inefficiency with regard to rate may be

incurred due to the split buy. However, the magnitude of the

5 "The Affordable Acquisition Approach Study: Part
Two, Final Briefing," Air Force Systems Command, Headquarters,
Andrews Air Force Base, Maryland, February 1983.
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effect can be controlled by proper planning. The R rate

shown in Figure 16.1-1 can be viewed as the competitive
1 0

production facilities rate. This point should be determined

based upon manufacturing analyses. Often, a particular piece of

capital equipment may be the determining factor. For example, -

special test equipment may be the pacing production equipment.

An example of facility sizing can be seen by reviewing

current AMRAAPOM planning. AMRAAM is to be procured at a maximum

rate of 3,000 per year. Thus, a single source producer would be

required to produce 3,000 items per year. Furthermore,

additional capacity for mobilization would be required. The

prime contractors participating in the AMRAAM program are

currently Preparinq facilities for a normal rate of 1,800 per

year. The normal rate would be produced on a single shift basis,

eight hours per day, five days per wetok. Final checkout

equipment would be used for two shifts. In addition, the

contractors must maintain surge capability up to 3,000 units per

year, assuming two shifts.

Once the preferred facility size is identified, the

program manager is faced with two related issue:.,

* Funding of capital costs

* Industrial modernization initiatives

1 6-
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Funding Capital Costs

The Drogram manager must determine the proper

level of government investment in the contractors' production

facilities. It has been suggested that the government should

fund the necessary capital equipment in both facilities. Others ,

have argued that the contractors should undertake the required

capital investment. This issue is complicated during programs in

which high capital costs are anticipated.

In general, the program manager should encourage the

contractors to undertake all necessary investment in general

purpose equipment. It must be remembered that contractor

equipment and facilities are a necessary condition for producing

weapon systems. Therefore, the contractors should undertake all

investment required to do business, their profit or fees

representing the return on investment.

On the other hand, the risk associated with capital

6investment in the defense industry is high. Contractors

invest in equipment based upon projected annual buys; however,

these buys often are reduced due to budget constraints. Thn,:s,

the contractor is faced with reduced returns to capital and

excess ctpacity. To offset this risk, the government typically

6Jacques S. Gansler, The Defense Industry, MIT
Press, Cambridge, Massachusetts, 1980.
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funds special tooling and test equipment. This equipment is

unique to the particular weapon system and remains

government-owned property. In a competitive production program,

it may be necessary to fund two sets of special tooling and test

equipment.

The shared investment approach may be insufficieat it

high amounts of contractor investment are required. In such

cases, the program manager should consider indemnifying the 0

contractor's investment for a given quantity over a specified

period. This approach was employed successfully on the GAU-8

30-millimeter ammunition program. The program manager should 0

note that this approach involves use of an unfunded contingent

liability which mtay require review and approval by higher ]
authority.

Industrial Modernization Initiatives

Recent concern over the productivity of the defense

industrial base has led the DoD to implement the industrial

Modernization Incentives Program (IMIP). The objective of IMIP

is to develop, test, and refine contract incentives encouraging

industry to make productivity enhancing capital investments. The

incentives include shared savings rewards, and contractor .

investment protection.

7 A. Douglas Reeves, "'The Industrial Modernization
Incentives Program: An Experimental Effort to Improve Defense
Contractor Productivity," Industrial Productivity Directorate,
Office of the Under Secretary of Defense (Research and
Engineering), December 1983.
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Cii a single source production program, IMIP projects can

be evaluated using standard return-on-investment criteria. on a

competitive pv-oauction progranni, IMIP prescents several complex

issues, i;icluding the following:

0 Should incentives be applied to both contractors?

* Given the differences in prodtvction processes, how
can incentives be applied fairly?

4 How are shared savings to bie calculated in a
coinpetitil'e environment?

* What -is the effect of shared savinois on contractor
pricing in a competitive envizonment?

The pr ogram i,,anager must investigateý tho--s( issues in

detail when considering t~he use of IMIP on a competitive

pzoduction prograin. Sharing arrangements, indemnification, and

potential pricing str-,tz'gics must bc reviewed to enuethat one -

contractor does not attain an unfair advantage over the Other

through goverr-ment initiat-.ves. The program manaqcr sh~ould

recall that one of the benefits attributed to production

competit ion iý. increased capital investment. Contractors may

invest in~ caipital equipmtent in a competi-ý.ive environment to

enhance their compet-.4tive adv'antage. The proqr,ým manacoýr should

consider this potential bentefit when assessing 1ivi., applications,

16.2 VALUE ENGINEERING

value enqi-neering presents anothrer circumstance where

shared savings may complicate a competitive production prograw.

FAR 48.1 describes the value enigineering process. Value

engineering was developed to provide contractors with an
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incentive to lower costs. It has been argued that contractors do

not introduce cost-reducing change proposals, because lower costs

would eventually lead to lower profits, since profits are , 0

calculated primarily based on cost. Value engineering is used to

correct this problem by sharing the cost reductions with the

contractor. Thus, the firm receives a return on its

cost-reducing change proposals.

In a competitive environment the applicability of value S

engineering is questionable, because competition provides an

incentive for contractors to develop cost-reducing changes. On

the other hand, under a value engineering clause, a contractor - -

may propose a cost-reducing change that is classified as a Class

1 ECP,, ihei~eby reqiuiring ac" " chvnrge. Rnt- h

contractors would incorporate the change if approved. The

contractor that submitted the value engineering change would

share in the savings for the total number of items produced by

both contractors during the sharing period, as specified In the

value engineering clause. Thus, the contractors are provided

with an incentive to propose value engineering changes.

Another method of encouraging value engineering change

proposals is to provide the developing contractor with "credits"-

in future source selection processes. The "credits" would be

used to enhance the contractor's position in determining the

quant.ity split. This approach has the advantage of not requiring

direct payments to the developing contractor. This innovative

at-proach was used successfully on the TOMAHAWK program.
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16.3 SPARE PARTS PROCUREMENT

Competitive production of end items presents the

program manager with several opportunities for competitive spare

parts procurement. The program manager must also recognize that

production competition may involve short term complications.

In general, initial spares are procured under Basic

Ordering Agreements (BOAs), due to difficulvies in identifying 0

initial spares requirements. The BOA provides a way of obtaining

spares in a timely manner; however, it may be uneconomical in

that the advantages of quantity ordering are not attained. Due

to potential differences in design and manufacturing in a

co 4eitv ro-d--ti---ion progra-m. initial Aparen shouldl bA nroiirp[

from both contractors, each contractor providing spares for its -

fielded system.

As the system matures, the program manager should 0

consider competitive procurement of common spares. The

contractors could submit cost proposals as part of their

production proposals, or a separate ,ompetition could be held. S

The program manager also may consider competitive break

out of selected spare parts. If the prime contractors developed

alternative suppliers as part of their production program, this

approach could result in considerable savings. By competitively
S

breaking out selected spares, the program manager could reduce
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overhead layering and attain competitive prices. The program

manager must recognize that this approach may require additional

program office personnel.

16.4 PRODUCT PERFORMANCE AGREEMENTS

0

Product performance agreement is a generic t:rz used to

refer to warranties and guarantees. DoD recently has placed

increased emphasis on the effective use of warranties and . .

guarantees to ensure that end items fulfill their operational

requirements. Under a product performance agreement, a

contractor agrees to repair or replace, at a fixed cost, any item -

that fails to meet a specified performance requirement.

A specified performance requirement is any specifically -

delineated mandatory performance requirement set forth in a

government production contract for a weapon system or in any

other agreement relating to the production of such system. Often .

used requirements include reliability, availability, and spares

stock levels. The fixed price of the product performance

agreement provides both positive and negative financial .

incentives to contractors to emphasize life-cycle considerations

during equipment design and initial production.

The development and application of product performance

agreements is a complex undertaking that requires detailed

16-11
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analysis. The complexity of the issue has led to the

establishment of a Product Performance Agreement Center (PPAC),

located at Wright-Patterson Air Force Base, Ohio, under the joint

sponsorship of Air Force Systems Conmnand and Air Force Logistics

Command. For detailed information concerning warranties and S

guarantees, the program manager is referred to PPAC.

The program manager shoold recognize that warranties

are required on major items. Section 794 of the FY84 Department

of Defense Appropriations Act requires the inclusion of

guarantees in all new procurements, unless the Secretary of -

Detense determines that a guarantee would not be cost effective

The implpementation of this requirement is currently an area of

debate; however, the program manager should anticipate that the .

use of warranties will be examined in the program review process.

As discussed in Chapter Fourteen, the use of warranties S

may be difficult in a competitive production program. The second

source contractor rav be unwilling to warrant end items that were

produced from another manufacturer's design. Thus, the program S

manager may be faced with fielding warranted and nonwarranted

items.

8"product Performance Agreements: Historical

Perspectives," The Analytic Sciences Corporation, SP-4630-I, May
1983.

e
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On the other hand, the existence of two producers

provides the program manager with an opportunity to procure

warranties in a competitive environment. In a competitive 0

production program, the price of the warranty or guarantee cauld

be incorporated as a source selection criterion in determining

the quantity split. A recent example of this approach is the Air

Force Alternate Fighter Engine (AFE) program.

The AFF program involved a form, fit, and function

competition between the General Electric F101-GE-100 engine and

the Pratt and Whitney FlOO-PW-o220 engine. The initial award in

FY84 resulted in General Electric receiving 75 percent of the

annual buy and Pratt and Whitney receiving the remaining 25

percent. The Air Force estimates that their acquisition strategy

resulted in a life-cycle cost savings of between $2.5 and $3

billion. The Air Force also contends that contractor

responsiveness was improved.

In addition, the Air Force feels that the AFE program

competition, paramount to negotiating a good warranty at a

reasonable price, allowed the Air Force to obtain, at a

reasonable price, the most comprehensive warranty ever provided

for a DoD aircraft engine. The AFE warranty requires the

contractor to correct deficiencies in material and workmanship,

replace unuseable or unserviceable engines or components,

guarantee total engine removal rates, and assure that engines

retain their performance within a defined time limit or a .
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specified number of tactical cycles. Further, the government

itself can repair or replace a failed item under warranty, and

the contractor will reimburse the government within specified

conditions.

16.5 PREPLANNED PRODUCT IMPROVEMENT

Preplanned product improvement (p 3I) presents

another area in which the program manager could take advantage of

competitive production. P 3I is a recent initiative

developed to field systems quickly with a limited capability and

to improve these systems in a planned, systematic manner. Often

the improvements incorporate field responses to the equipment.

In a competitive production program, the proyram

manager has direct access to two qualified sources who could

develop the product improvement. The two sources could provide

competing design teams, thus enhancing technical achievement.

Furthermore, the two contractors would be more cost conscious,

knowing that a competitor was developing a similar improvement.

These advantages are offset to a degree by additional

development costs and potential logistics complications. The use

of P 31 in a competitive environment may lead to a

multiplicity of designs in the inventory. The program manager

must anticipate this potential problem and exercise the level of

configuration control necessary to avoid large cost increases.
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16.6 SUMMARY OF OTHER ISSUES

This chapter has presented several issues related to

production competition. In general, these are areas in which the

program manager can use competition to the advantage of the . -

government. The program manager is cautioned that these

advantages are not automatically obtained. Rather, they require

careful planning and execution. Specifically, the program

manager should undertake the following:

* Conduct detailed economic and engineering
analyses to identify preferred facility size.

S0 Allow the force of competition to stimulate
contractor investment in general purpose
equipment.

* Rely on competition as an incentive for

contractors with additional incentives for
cost-reducing Class I change proposals.

* Extend the competitive environment into the
procurement of spare parts.

• 'rake advantage of the forie of competition in the
areas of warranties and P I.

pA
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A PRODUCTION COMPETITION

In developing a production competition program, the

program manager is presented with several methods in which
, S

competition can be applied to a particular program. Numerous

characteristics define the methods of competition and thus

influence the important production, economic, and incentive

structures that the program manager must assess. Two dimensions

can be used to define the different methods of competition: the

number of production sources and the number of competitions

undertaken. These two dimensions give rise to four methods of

competition:

a Winner-take-all, single competition

o Winner-take-all, reprocurement

* Split award, single competition

* Split award, reprocurement

These methods present different characteristics and different

incentives to the competing contractors. 2
A.1 WINNER-TAKE-ALL, SINGLE COMPETITION

This method of applying competition involves a

competition at the beginning of the production cycle in which the

winner receives the entire production quantity. The single

competition provides a large incentive to buy in, since no

pressure or threat of competition is brought to bear throughout

the production cycle. Further, if the producer experiences cost
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increases, performance failures, or schedule problems, the

program manager must either accept the results or begin the long

cnd costly process of qualifying a second producer. The benefits

of competition cannot be assumed to remain after the production

contract is awarded and the previously qualified second source is

removed from contention.

The program manager can distinguish this method from

other production competition methods by noting that the single

competition is really competition for production. Continuous

,3ompetition can be viewed as competition during production.

The winner-take-all method was demonstrated recently by

the Air Launched Cruise Missilc. The program involved - *

competitive development efforts 3uring full-scale development

(FSD) leading to a competitive fly off. A single contractor was

selected to proceed into production. •

A.2 WINNER-TAKE-ALLe REPROCUREMENT

This method of competition is used primarily to procure

spare parts, rather thar- production end items. The method

suffers from sevure limitations in relation to complex systews_

however, it may prove useful for less complex end iteras such as

ammunition and electron.ic subsystems.

S

The win er-take-al] reprocuremnert metLl intcles a -

series of winner-take-al] competitions held throughout the
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production cycle. A firm has less incentive to buy in, because

if it allows costs to rise, it may become noncompetitive at the

next production point and face the loss of all of its production.

The program manager must recognize that once a firm obtains the

contract, no other firm is producing. Therefore, no other line

is "warm" and no direct competitors exist. Further, the

potential competitors at the next bidding point may find it hard

to incorporate required configuration changes and manufacturing A91"

technology which would make them competitive.

If employed for complex end items, this method also .

presents the program manager with configuration control

complexities. If the prime contractor producing the item changes

Utie tot~ co.U*peti ti.v awardsA~ , contractor i.. S..S.- for

configuration control will become confused. The system developer

who is not in production may have no interest in maintaining the

configuration. If the system developer does retain design

responsibility, the second source will be hesitant to suggest

changes.

0

These limitations have precluded the use of this method

on prior competitive production programs. The method does

present a viable approach to procuring simple subsystems

competively. Thus, the program manager should consider this

method when assessing potential subsystem break out. -. -.
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A.3 SPLIT AWARD, SINGLE COMPETITION

In this case, there is one competition at the beginning

of the production cycle leading to a split buy between two

competitors according to some predefined formula. The quantity

may be split 80/20, or in some other ratio, or the bids may

determine the final split. Even though no further formal

competitions are held, each firm is awar•e that if its costs rise, - -
.O0

or if its schedule or performance slip ui.acceptably, the program

manager may increase the competitor's share. The force of

IL competition is maintained, but not through formal price

competitions.

This method may present the program manager with a

viable approach toward establishing two production sources, if

the primary goal of the program is industrial base development.

The single split enables the contractors to plan production

facilities efficiently and to order components and subsystems in

economically efficient quantities. Used in conjunction with

multiyear procurement, this method can establish two efficient

production sources of an end item while decreasing the

administrative burden on the program office.

A.4 SPLIT AWARD, REPROCUREMENT

In this case, the production quantity is split between

two producers, but the split. may be changed through a series of

reprocurements. The firms do not face the threat of losing their
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production quantity entirely; however, they may have it reduced

substantially if they are not competitive at the next bidding

point. Since the firm is certain of obtaining some quantity of

production, it faces less competition than in a winner-take-all

reprocurement. However, it also has an up-and-running competitcr

zeady to take over its production if it experiences problems.

A problem with these competitions is that they present

a contractor with the opportunity to submit artificially high

bids for the small production quantity portions of the buy,

ther'by obtaining excessive profit levels. The program manager .

can counter this problem by developing a source selection plan

that presents the competitors with the potential for: zero

award. Furte.ermore, detailed audits and negotiation could be

used to ensure reasonable pricing of the lower quantity share.

This mnethod of production competition has been employed

successfully on several prior DoD programs, including AIM-7F,

AIM-9/G, the GAU--8 30-millimeter ammunition, and HELLFIRE.

A
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B PRIOR EMPIRICAL STUDIES OF PRODUCTION COMPETITION

Numerous studies of production competition have been

undertaken. In general, these efforts have employed different

data sets and different methodologies resulting in a diversity of

results. Furthermore, many of these studies present results in

an aggregate form, using measures such as average savings

achieved.

Fortunately, research on production competition has

increased in sophistication as researchers have obtained a

clearer understanding of the complexities of production

competition. Several research efforts have concentrated on the

effect of competition or, contractoL price behavior. These

efforts have supported the development of the economic analysis

that is presented in Chapter Four. The purpose of this appendix

is to trace the historical evolution of the economic analysis by

,-eviewing the following works:

0 U.S. Army Electronics Command (February 1972)

0 Zusman and Asher (March 1974)

* Lovett and Norton (October 1978)

& Daly, Gates, and Schuttinga (September 1979)

0 Drinnon and Hiller (December 1979)

* Kratz and Cox (May 1982)

Ir addition, several recent studies have addressed other critical -

issues associated with production competition. One such study 's
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by Greer and Liao (October 1983). This effort presents an

analysis of the relationship between production capacity and

program savings. This effort is also summarized.

B.1 U. S, ARMY ELECTRONICS COMMAND

"The Cost Effects of Sole Sourca vs. Competitive
Procurement," U.S. Arrty Electronics Command, Cost
Analysis Division, Comptroller, February 1972.

In 1972 the U.S. Army Electronics Command (ECOM) -0

published a study of weapon system components which previously

had been procured sole source, but which eventually were procured

competitively. The study analyzed 13 cases and found that unit

price reducticns averaged 54 percent upon the introduction of

competition. Furthermore, a prediction confidence of 40 percent

price reduction was identified for planning purposes.

The methodology used by ECOM was to calculate, for each

component, the difference between the last sole source price and

the first competitive price, thus obtaining a unit price

reduction figure. That number then was multiplied by the total

number of units in the competitive buy in order to obtain total

"savings" due to competition. Savings, as a percentage, were

calculated simply as the difference between the two prices

divided by the old sole source price.

The ECOM--72 da a base was comprised of radio sets,

test sets, and other electrcnic components. The price data (from

PY62--FY70) were not Adjusted for inflation. The analysis

B-2

• •- i



considezed neither the nonrecurring costs of establishing the

cov-petitive sources, nor the learning curve effects.

B.2 ZUSMAN AND ASHER

M. Zusman and N. Asher.eL.al., "A Quantitative
Exami'.ation of Cost Quantity Relationships, Competition _
During Peprocuremernt, and Military Versus Commercial
Prices for Three Types cf 1'ehi.cles," Institute for
Defense Aralyses, Program Analysis Division, Study No.
S-429, March 1974.

In early 1974, Zusman and Asher at the Institute for ,

Veeikee Analyses (IDA) published a large study which included an

evaliation of competition during reprocorement of weapon systems

and cornponeiirLs. The "studv found that, for the 20 cases analyzed, .

unit price :re3uctions averaged 37 percen- tpon the creation or a

cv~ijecT*.zVC oitatKa.-a tE. nsie ed _,f

several small missiles, a bomb, and variot.s electronic items.

The study methodology differed sub:stantiadly from

Is, in that it extrapolated the last sole scurc-e price down 7 -

)reviously established learning curve to deteriaine what the

sole source price would have been in the abscnce of competition.

This extrapolated sole source price waL thern compared to the,

competitive price in order to calculate the percentage saving;s

dand the tutal dollar savings attribctable to the introduction of

competition during production.

The analysis, usJ.ng data frcm F157 to FY73, -sas

,djuFted foi inflation. Like ECOM--72; it did not consider the

nonrecurring costs of esrabl1shino the competitive sources.
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Thus, the savings presented in Table B.2-1 must be considered as

gross savings.

TABLE B.2-1
ZUSMAN AND ASHER

PERCENTAGE SAVINGS DUE TO COMPETITION

PROGRA.M GROSS PERCENT SAVINGS

TOW Missile 48.1
SHT LLELIGli - 0.2
TALOS (G&C unit] 42.3
BULLPJUP 12 (Martin) 13.9
BULYPUP 12 (Maxscn) 45.8
PAWK Motor Parts 6.4
MK-48 Tvrpcd.ý Warhead, 53.2
MK-48 Electric Assembly 37.5
TD-204 Cable Combiner 50.2
TLD-202 Radio Combýiner 52.5
TD--352 Multiplexar 57.8
TD-660 ?).Jtiplexer 30.2
60-6402 Electric Control 37.0
AYX, 2 r r•r:rne Transponder 32.6

A- adar Indicat:1.3
'JSe i.J !'~ q t 36.0

F-GL--20 Teletype 32.0
MD-,22 Modulator 60.3

1--54a Signal Converter 53.7

B.3 LOVETT AND NORTON
F.. T. lovett and M. (,. Norton, "Determining and

F-orecasting Savings from Competing Previously Sole
Source/Noncompetitive Contracts," Army Pro-urement
Research Office, APRO 709-3, October 19"

Based on the two prior efforts, Lovott orton

reviewed the price behavior of contractors on 11 competitive

awards that had previously been sole source. The data set

included three tactical missiles and assorted electronic systems.

Recurring savings were calculated by extrapolating the sole

source learning curve to identify the would-have-been sole source

price and then comparing this price to the achieved competitive

price in constant dollars. It is important to note that Lovett
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and Norton compared only those two prices. There was no

consideration of follow-on competitive prices. Their approach is S

shown graphically in Figure B.3-1.

ACHIEVED SINGLE SOURCE
COST IMPROVEMENT

(0 •PROJECTED SINGLE
0 . SOURCE COST

t- RECURRING
Z COST

SAVINGS

01 ACHIEVED

L 0 COMPETITIVE
-J COST

LOG OF CUMULATIVE QUANTITY

Figure B.3-1 Lovett and Nv:ton Methodology

Based upon the two prices shown in Figure B.3-1, Lovett

and Norton estimated percent savings due to competition. This

was achieved by calculating dollar savings as price savings times

the quantity procured. The dollar savings were then divided by

the total program recurrinq costs.

The savings identified by Lovett and Norton using this

method considered only recurring cost. The methodology did not

address the nonrecurring costs associated with establishing the

second source. The savings identified by Lovett and Norton are

presented in Table B.3-1.
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TABLE B.3-1
LOVETT AND NORTON

PERCENTAGE SAVINGS DUE TO COMPETITION

PROGRAM GROSS PERCENT SAVINGS

TOW Missile 8.5
TOW Launcher 30.2
DRAGON Round 2.7
DRAGON Tracker 12.0 •
SHILLELAGH 5.9
FAAR Radar 16.6
FAAR TADDS 18.2
AN/ARC-131 -2.1
UPM-98 Test Set 3.0
PP-4763/GRC Power Supply .3 0
AN/PRC-77 34.8

B.4 DALY, GATES, AND SCHUTTINGA

G. G. Daly, H. P. Gates, and J. A. Schuttinga, "The
Effect of Price Competition on Weapon System
Acquisition Costs," Institute for Defense Analyses,
Program Analysis Division: Paper No. P-1435, September
1979.

In 1979, Daly, Gates, and Schuttinga expanded upon the 6

work that had been performed at the Institute for Defense

Analyses (IDA) in 1974 by Zusman and Asher. Daly, Gates, and

Schuttinga examined 31 competitive reprocurements. -5

The methodology for examining the 31 programs was in

accordance wi..th earlier IDA procedures: the last sole source S

price was extrapolated down its learning curve to obtain a figure

which would be compared with the competitive pri.e. The IDA--79

data were adjusted for inflation; however, production rate

effects were not evaluated, and technology transfer costs we'e

not considered. The IDA model for describin9 the effects of

competition attributes all savings to a steepened
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post-competition learning curve. A ratiýDnale for tne steepened

curve is not presented.

The data base consisted of five missiles, a bomb, a

guidance and control unit, and an assortment of- electronic

components. The analysis showed an average unit price reduction

equal to 35 percent. The authors suggest that program planners

should assume the following price reductions when competition is

introduced into previously scle source production programs:

0 10% reduction for split-award.

e 20% reduction for winner-take-all buy outs.

The gross savings identified by Daly, Gates, and

Schuttinqa are shown in Table B.4-1.

•--f--.
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TABLE B.4-1
DALY, GATES, AND SCHUTTINGA

PERCENTAGE SAVINGS DUE TO COMPETITION

Program Gross Percent Savings

TOW Missile 8.9
SHILLELAGH -8.0
TALOS (G&C unit) 40.8
BULLPUP 12 (Martin) 31.7
SIDEWINDER AIM-9D/G -4.6
SIDEWINDER AIM-9B 1.6
Standard Missile MR RiM 66A -4.2
HAWK Motor Parts 45.7
TOW Launcher 44.2
Rockeye Bomb -23.0
TD-204 Cable Combiner 62.2
TD-202 Radio Combiner 46.8
TD-352 Multiplexer 58.0
TD-660 Multiplexer 38.3
60-640 Electric Control 49.4
APX72 Airborne Transponder 27.1
AN/ARC-54 55.0
AN/PRC-77 20.5
AN/GRC-106 43.3
AN/GRC-103 58.7

SPA-25 Radar Indicator 48.8
USM-181 Test Set 56.0
FGL-20 Teletype 23.7
MD-522 Modulator/Demodulatcr 58.6
CV-1548 Signal Converter 64.0
MK-980/PPS-5 56.0
PRT-4 42.3
Aerno 42-0750 54.8
Aerno 42-2028 19.9

B.5 DR1NNON AND HILLER

J. W. Drinnon and J. R. Hiller, "Predicting the Costs

and Benefits of Competitive Production Sources," TASC
Report 1511, December 1979.

Drinnon and Hiller expanded upon the efforts of Lovett

and Norton in 1979. In their review of 45 programs, Drinnon and

Hiller employed an approach similar to that used by Lovett and

Norton. The approaches differed in that Drinnon and Hiller

calculated savings based only upon the remaining production
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quantity. The authors argued that costs incurred prior to

competition should not enter into the percent. savings -

0

calculation.

The savings identified by Drinnon and Hiller are ,
S

presented in Table B.5-1. The savings do not include

consideration of nonrecurring costs. Thus, they must be

considered as gross savings, rather than net savings. . -

8-9-
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TABLE B3.5-1
DRINNON AND HILLER

ESTIMATED PERCENTAqE SAVINGS DUE TO COMPETTITION

POgr•am Gross PercentSavingsi

AN/APM-1 23 67.7
MK-980/PPS-5 66.5
AN/ARC-54 63.1
MK-48 Torpedo Test Set 61.8 0
MK-48 Torpedo Exploder 61.2
AN/GRC--103 60.1
Standarid Missile, MR RIM 66A 59.2
AN/A-RA-63 Radio Receiver 57.9
TD-352 Multiplexer 55.6
60-6402 Electric Control 52.7 6
MD-522 Modulator/Demodulator 51.9
HAWEX Motor Metal Parts 499
MK-48 Torpedo Warhead 48.6
MK-48 Torpedo Electric Assembly 47.0
CV-1548 Signal Converter 45.4 " "
AN/FYC 8X 43.2 ,
TD/204 Cable Combiner 42.0
AN/PRO-77 Radio 41.9
AN/GRC-106 41.8
TD-202 Radio Combiner 40.2
FGC-20 Teletype Set 39.9
TALOS Missile 39.F
USM-181 Telephone Test Set 36.3
Standard Missile, ER RIM 67P. 34.0
AN/SOS 23 208A Transducer 32.3
TOW Launcher 30.2
TD-660 Multiplexer 28.4
BULLPUP 12b Missi ' e 26.5 - -
APX72 Airborne Transponder 23.3
FAAR TADDS 18.2
FAAR Radar 16.6
TOW Mio;sile 12.3
DRAGON Tracker 12.3
UPM-98 Test Set 1i.5
AN/ASN-43 10.7
SPA-25 Radar Indicator 10.7
SHILLELAGH 9.4
DRAGON Round 'f8'.8
SIDEWINDER AIM-9D/,C 0.7
PP-4763/GRC Power Assembly
SPA-66 Radar Indicator --3.4
Rockeye Bomb -4 5
SIDEWINDER AIM-9B -5.6
AN/ARC-131 Radio !I .

Of more significance was Drinnon a&- Hiuler's review o'.

Ford Aerospace price behavior in the SHiLLEhC" prcqrarm. This
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review conce~ntrated on the effects of continuing competitions.

Sufficient data points enabled the identification of pre- and

post-competition learning curves. Their review led to the

development of a theoretical framework for assessing continuing

production competition. They postulated that establishment of

production competition led to the following:

* An immediate price reduction, characterized as a
downward shift of the learning curve.

a Continuing improved price reductions, • S
characterized as a rotation of the learning curve.

""* hese effects are shown in Figure B.5-1.

SHIFTI L i-_ SrFT *..........

0""

LOG OF CUMULATIVE QUANIITY

Figure B.5-1 Drinnon and Hiller Framework

It is important to note the framework was developed

based on one case, applied only to the original producer, and did
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riot result in a statistically significant econometric model. The

authors offered the concept as an exploratory framework.

B.6 KRATZ AND COX

Lou Kratz and Larry Cox, "Analysis of AMRAAM
Acquisition Alternatives: Phase II," TASC Technical
Report--4049, May 1982.

Kratz and Cox expanded upon the conceptual framework

presented by Drinnon and Hiller in several ways:

"* Investigation of second source price behavior

"* Additional empirical investigations of the shift
and rotation concept

"e Incorporation of the effect of production rate on
unit cost

The authors then applied the expanded framework to a specific

analysis of the potential effect of production competition on the

AMRAAM program.

Kratz and Cox suggested that an established producer

would not reduce his unit price unless the second source was a

viablB competitor, and applied some competitive price pressure.

The authors argued that such behavior on the part of the second

source would be evidenced by a steeper cost improvement rate or a

lower first unit cost than the initial producer's. This

hypothesis was investigated by Kratz and Cox using unit cost

improvement curves based upon fi- tactical missile programs.

The results of their analysis are summarized in Table B.6-1.
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TABLE B.6-1
KRATZ AND COX

COMPARING FIRST AND SECOND SOURCE COST
IMPROVEMENT CURVES AND FIRST UNIT COSTS

Cost Improvement Rate

%

Program First Second Difference First Unit
Source Source % Cost Reduction

ULLPUP 0.82 0.80 2 46
OW 0.98 0.89 9 20

SIDEWINDER
AIM-9B 0.90 0.83 8 17

SIDEWINDER
AIM-9L 0.91 0.87 4 18

SPARROW
AIM-7F 0.85 0.84 1 14

Given this competitive pressure, Kratz and Cox

investigated the price reaction of the initial producer on five

tactical missile programs. Their results are shown in Table

B.6-2.

TABLE B.6-2
KRATZ AND COX

INITIAL PRODUCER'S REACTIONS TO COMPETITION

Program Contractor Shift (%) Rotation (%)

SPARROW Raytheon 4 8
ULLPUP Martin 14 13
OW Hughes 15 32
IDEWINDER AIM-9B General Electric 9 6
IDEWINDER AIM-9L Raytheon 10 7

The authors noted a large variation in the shift and

rotation parameters estimated from prior programs. In an attempt
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to explain the variations, the authors developed the concept of a

best competitive curve.
S

The curve represents the continuing cost improvement

curve which begins with the historically derived, noncompetitive

first unit cost a achieves parity with the competitive last

unit cost. It represents what right have happened had the

original producer been under continuing competitive pressure from

the outset. The Kratz and Coc concept is shown in Figure B.6-1.

I. PROJECTED SINGLE -
S~OURCE CURVE

COST DEVELOPER'S COMPETITiVE

BEST COMPETITIVE

CURVE

0_ 0,

QUANTITY PRODUCED

Figure B.6-1 Hypothetical "Best Compe'itive" Curve

Kratz and Cox compared the slope of the hypothetical

best competitive curve to the achieved single source curve for

the five tactical missile programs using simple linear

regression. This resulted in equation B.6-1.
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Comp. Rate .184 + .757 (single source rate) (B.6-1)

Where:

Comp. Rate best competitive cost
improvement curve

Single source rate = the achieved single source
cost improvement curve
prior to competition 0

Given this result, the authors suggest the "best

competitive" curve provides a means to explain the observcd cost

behavior of the original producers. The observed shifts and S

rotations (of varying magnitudes) of the original producer's cost

improvement curve can be characterized as making up for earlier

cost improvements which were possible, but were unrealized due to 0

the absence of competitive pressure. This implies that the

earlier competitive pressure is applied during the production

phase, the earlier the original producer moves toward the best _

competitive curve.

Furthermore, the authors noted that the slopes of the ...

hypothetical best competitive curves corresponded with the slopes

of the competitive second source curves. In other words, the

second producer, who would be attempting to be competitive from -

the outset, follows a (historically derived) cost improvement

curve very similar to the best competitive cost improvement curve

calculated for the original producer. - S

Kratz and Cox combined these factors into a predictive

framework, in which the system developer is assumed to alter his -AL

cost behavior just enough to stay ahead of Lhe second producer in

B-15
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a ccmpetitiN- environment. Thus, the autihors project a system

developer's shift and rotation, asauming he bids to win. The 0

authors note that relaxing this assumption through sensitivity

analyses provides a useful bound on potential savings.

i0

Kratz and Cox iso introduced consideration of the

effect oi production rate variation on unit cost. They present

this consideration as an exponential, similar to the cost

improvement curve. The authors' formulation is shown in equation

B.6-2.

B C

where:

Z = unit cost of the X th item produced

A = const.rnt (sometimes referred to as T-
or "first unit cost")

B = exponent which describes the slope
of the quantity/cost curve

Y= (proxy) production rate in effect

C - exponent which describes the slope of
the rate/cost curve

Kratz and Cox present a symmetric U-shaped production

rate cost curve. This is achieved as skown in equation B.6-3.
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R if R < R0  (B.6-3)

2R - R if R < R < 2R - 1
0 0-0

where R is the production rate in effect for a
given lot, R is the optimal production
rate and YiA as in equation B.6-2.

C inq q
1n 2

q production curve rate parameter whose
interpretation is similar to that of the
cost improvement curve parameter. For
example, if q = .90, then a doubling of 0
the production rate (up to R 0) results
in a lowering of unit cost by 10 percent.

This production rate formulation was presented
initially in:

N. Bohn, et al, "Analysis of Acquisition Alternatives
for GPS User Equipment," Technical Report 1426--4, The
Analytic Sciences Corporation, May 1981.

Most recently, Bohn and %(ratz havc presented a detailed

description of the formulation. This latter effort is summarized

in Appendix C.

B.7 GPEER AND LIAO

Willis R. Greer and Shu S. Liao, "Cost Analysis for
Duil Source Weapons Procurement," Naval Postgraduate
Scaocol, October 1983.

Greer aiid Liao present a comprehensive review of recent

studies an,- models ef production competition. Based upon this

review, the authors conclude that several key variables such as

contractor profitability and capacity utilization have received

inadequate empirical attention. To address this limitation, the

authors undertake empirical investigations in the two areas.
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To address the profitability issue, Greer and Liao

undertake an analysis of profit on DoD contracts covering the

period 1963 through 1982. Two measures of profitability were

investigated: profit as a percentage of sales and profit as a

percentage of net worth. The specific investigation involved an

assessment of the relationship of contractor profitability to

capacity utilization.

Based on this investigation Greer and Liao conclude

that program managers have been able to take advantage of the

batgaining power to buy goods at substantially lower profit

margins when capacity utilization is low. The returns earned by

contractors on DoD business are measurably lower than the returns

on c -M--erci bIs- i-nes adring j A cf I . . 'a ..

utilization. In addition, the authors note that the volatility

of returns is higher for DoD business, implying the risks are

viewed as being somewhat higher.

Greer and Liao then investigate the relationship

between savings achieved on prior competitive production programs

and capacity utilization. In undertaking this investigation, the I
authors employ savings on prior programs as identified by Science

Applications, Incorporated, and sector capacity utilization

rates. These data are presenter] in Table B.7-1.
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TABLE B.7-1
GREER AND LIAO

COMPETITIVE SAVINGS AND CAPACITY UTILIZATION - .

Annual
Percent Savings Average Capacity

Procurement or (Loss) Due Utilization During
Program to Competition Dual Source Phase

TOW 26.0 63.5
ROCKEYE Bomb 25.5 70.9
BULLPOP AGM-12B 18.7 76.2
SHILLELAGH Missile ( 4.7) 87.0
SPARROW AIM-7F (25.0) 81.6
MK-46 Torpedo (30.9) 91.6
SIDEWINDER AIM-9D/G (71.3) 82.3

Greer and Liao use the data presented in Table B.7-1 to

perform a statistical investigation. Based on the results of this -

investigation, they conclude that competiti.on produces greater

savings when firms are at low capacity; when industry is very active,

dual soureinq is of little benefit as a cost reducer. This can be

readily seen by noting that the data shown in Table B.7-1 indicates a

net loss arising from competition when capacity utilization is above

80.

Greer and Liao use their detailed statistical review to

offer a model of the effect of capacity utilization on unit costs.

They suggest this model presents an improvement over the historic

production rate models. Their formulation is shown in equation

B.7-1. - I.
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P =k Qa Uc edM fN(B.7-)

where:

P - average price for the buy

Q = midpoint quantity associated with a 0
particular lot

U = smoothed utilization percentage for
the industry

M = dummy variable equal to 1 if the .0
buy was under dual source, zero
otherwise

N = dummy variable equal to 1 if the buy

was winner-take-all- zero otherwise -

e = base of the natural logarithms

k, a, c, d, f = parameters to be estimated

T p r- in e 1-e-r se s n- % e- d 1.7 -r C0-v nrý 1*4,. - -T e-'

B.7-1 are presented in Appendix C. Of interest here is that .

Greer and Liao did identify a downward price shift due to

competition, as evidenced by a statistically significant negative

coefficient for M and N.

B- -
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C PRODUCI1ON RATE CONSIDERATIONS

The effect of production rate variations on unit cost is

a key variable in the assessment of production competition due to

the nature of the competitive split buy. Numerous studies of

production rate have been undertaken. This appendix summarizes

the results of recent studies that present alternative -__

formulations of the etfect of production rate on unit cost. The

summarized efforts include works by the following:

0 Large

* L. L. Smith

* Bemis

a Bohn and Kratz

* C. H. Smith

9 Greer and Liao

• Womer

C.1 LARGE

Joseph P. Large, et al., "Production Rate and
Production Cost," Rand Corporation, R-1609-PA&E, S
December 1974.

In 1974, Rand undertook a detailed statistical study of

the relationship between unit cost and production rate. This

effort employed linear regression techniques to investigate the

effect of production rate on manufacturing labor, materials,

tooling, engineering, and labor rate. The study was based upon

airframes, missiles, and aircraft engines. Based on this
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investigation, the authors concluded that the influence of

production rate could not be predictea with confidence. The
0

statistical analysis presented diverse results, requirinc

analysis of specific programs. The study identified overhead

costs as a significant determinant of the ffect of production

rate on unit costs.

C.2 L. L. SMITH

Larry Lacross Smith, "An Investigation of Changes in
Direct Labor Requirements Resulting from Changes in
Airframe Production Rate:" PhD Dissertation, University
of Oregon, 1976.

In 1976, Smith attempted to incorporate production rate •

considerations into the learning curve concept. Smith's

formulation expressed labor hours as a function of cumulative

quantity and production rate per period. The production rate 0 -

effect was expressed similarly to the learning curve. Smith

reported a significant improvement in estimating prior learning

curves as demonstrated by a reduction in mean squared error. - ..

This seminal effort by Smith has sponsored several

investigations of the exponential form of the production rate _

parameter including work by Bemis and Kratz.

C.3 BEMIS

J. C. Bemis, "A Model for Examining the Cost
!mplications of Production Rate," CONCEPTS, The Journal
of Defense Systems Acquisition Management, Volume 4,
Number 2, Spring 1981.

Bemis expanded Smith's formulation to include total

recurring unit cost. Bemis expressed total recurring unit cost

C-2



as a function of cumulative quantity and production rate per

period. The model parameters were ef'nqe.ed by estimating lot

midpoints, taking logarithmic transfo -acions, and performing

multivariate linear regression. .. ....

The Bemis formulation presents several analytic

advantages. First, unlike the quadratic formulation of economic

theory, the formulation can be estimated with relative ease.
0

Second. the data necessary to estimate the model is readily

available to researchers and program managers.

The Bemis formulation can be expressed mathematically

as shown in equation C.3-1.

n cPt A t Rt(C.3-L)

where:

Pt = unit price in year t

Qt cumulative quantity produced
through year t .

Rt= production i=te in year t

Bemis es.imated model parameters for 22 systems using

multivariate and univariate linear regression. This was achieved

by estimating lot midpoints and transforming the equation into

it3 log-linear equivalent. The parameters identified by Bemis

using this method are summarized in Table C.3-1. Bemis did not

identify the systems by name.
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TABLE C.3-1
BEMIS PRODUCTION RATE PARAMETERS

0
Multiple Regression Individual Regressions

Rate Quantity Rate Quantity
System R Slope Slope R Slope R Slope

Aircraft A .974 97.5 73.1 -. 737 71.4 -. 974 72.1 _
Aircraft B .948 (4) 77.2 -. 923 78.6 -. 961 87.7 0

Aircraft C .995 79.5 87.3 -. 958 68.5 -. 936 76.0
Aircraft D .923 68.0 88.2 -. 877 61.6 -. 706 76.9
Aircraft E .997 67.2 90.5 -. 996 58.7 .. 992 67.8
Aircraft F .994 57.3 86.6 -. 972 52.8 -. 679 67.0
Aircraft G .999 81.4 84.0 -. 986 58.7 -. 994 75.8 -

Aircraft H .971 91.4 74.4 -. 815 66.7 -. 964 70.7 0
Aircraft I .999 (5) 86.3 -. 972 80.0 -. 999 87.7
Aircraft J .786 86.3 97.1 -. 768 89.5 -. 542 94.8
Helicopter .997 89.3 83.8 -. 875 81.9 -. 996 83.1
Jet Engine A .984 92.0 75.0 -. 652 '4.6 -. 971 72.6
Jet Engine B .988 89.5 71.4 -. 477 76.3 -. 970 69.8
Missile A .974 (6) 65.1 -. 925 52.5 -. 974 66.0 .

Missile B .873 (7) 82.3 -. 463 S4.2 -. 851 85.4
Missile G&C .981 90.7 (1) -. 820 89.4 +.684 (1)
Missile G&C .996 59.4 91.9 -. 990 62.8 -. 820 60.0
Ordnance A .964 97.0 88.1 -. 622 93.2 -. 932 86.6

5 (3) 97.5 4.5 (( ) -. 972 76.6
K Radar A .990 88.8 93.1 -. 902 86.0 -. 765 87.7 -

Radar B .890 91.6 98.9 -. 870 88.8 -. 784 94.7
Tracked Veh .963 90.7 (2) -. 867 88.7 +.700 (2)

Where R = correlation coefficient

(l)--(8) Slopes greater than 100% _

C.4 BOHN AND KRATZ

Michal Bohn and Louis A. Kratz, "Analysis of Production
Rate Effects on Unit Costs," TASC, EM-228-WA, S
January 1984.

Most recently Bohn and .<ratz have presented a detailed

description of the production rate formulation employed by Kratz

and Cox in support of AMRAAM. The approach builds upon the

efforts of L. L. Smith and Bemis; however, it differs from prior

formulations in two respects:UQ

0 The concept incorporated increasing unit costs due
to increased production rates beyond a minimum
cost point, assuming a fixed plant.
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0 Parameters for the model were estimated using
nonlinear techniques.

The Bohn and Kratz formulation places a limit on the S

ability of a manufacturer to decrease unit costs through

production rate increases. The authors suggest that this

reflects defense procurement constraints, such as fixed •

facilities, in the short run. The formulation is graphically

presented in Figure C.4-I.

- S

I- I

0
LONG RIJ N-

II

Ro a -11._

Z I SHORT RUN

R 0 Qxa )

PRODUCTION RATE :~

Figure C.4-1 Bohn and Kratz Production Rate Formulation

The formulation assumes the existence of a minimam cost

point, denoted R 0 in Figure C.4-1. The authors state the ____

R 0 rate is determined by a manufacturer prior to production."--:

They argue a manufacturer will arrive at this rate in an attempt

to minimizc costs by considering facility 'limitations, capital --

investment and manpower requirements, anticipated quantities and-.

C-5
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rates to be procured by the government, ind requirements

specified by the government. In developing the formulation, the .

authors assume a given production technology, a given plant, and

a constant indirect cost structure.

S
The authors recognize that a contractor may adjust his

production process to increase capacity given a sufficient

planning horizon. However, they note that it is unlikely that a

contractor will expand or duplicate facilities based upon a

one-time increase in annual quantity. The risk involved and the

capital lead time associated with expanding a line would preclude -.

this. Bohn and Kratz note that in the short run a firm inay

achieve surge by employing multiple shifts, hiring new workers,

and taxing capital equipment. They arque that these actions tend
16 -

to raise unit costs. The authors also suggest that a sustained

production rate increase may lead to an expansion or do'plication

of the production line. Such an expansion could result in

production rate increases being achieved with no increase in unit

cost. Mathematically, the formulation is presented in equation

C'.4-I.

S

is;
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Sa 0

Z n AXByC (C.4-1)

Where:

Z - unit cost of the Xth item produced

A - constant (sometimes referred to as T
or first unit cost)

X - cumulative quantity produced -

B - exponent which describes the slope
of the quantity/cost curve

C - exponent which describes the slope of
the rate/cost curve S

R if R < R0
y -0

2 R0 - R if R0 ( R < 2R 0 - I

R production rate in effect for a -0
given lot

R = minimum cost production rate assuminggiven facility

eother area in which the formulation differs from 1.>

prior efforts is in the estimation of model parameters. The

authors present two limitations of the standard log-linear

regression approach:

Bias associated with lot midpoint estimation

Multicollinearity between the rate and quantity
variable

To partially offset these limitations, the authors suggest a

weighted least-squares estimation of the nonlinear function based

on a generalization of Newton's method for finding the roots of

an equation. The authors estimate parameters for several missile

programs using this approach. The results are sumnarized in

Table C.4-1.
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TABLE C.4-1
BOHN AND KRATZ

PRODUCTION RATE PARAMETERS EWIDENCED ON PRIOR MISSILE PROGRAMS

Unit Cost
Unit Cost Production Rate

System Producer Improvement Rate Parameter

BASIC HAWK Raytheon 0.83 0.97
BULLPUP AGM-12B Martin 0.82 1.00
TOW Hughes 0.98 1.01
SIDEWINDER

AIM-9L Ford 0.91 0.75
Raytheon 0.87 0.85 •

SIDEWINDER
AIM-9B General Electric 0.90 0.82

STANDARD General Dynamics 0.80 0.96
MAVERICK Hughes 0.86 0.88
REDEYE General Dynamics 0.93 0.79 -

C.5 C. H. SMITH

Charles H. Smith "Production Rate and Weapons Systems
Cost: Research Review, Case SLud,.es an' Plannin•
M,)aol," U.S. Army Procurement Research Office, Report
No. APRO-80-05, November 1980.

Smith presents a detailed review of prior research

efforts related to production rat' efferts on unit cost. Based

on this review, Smith concludes that the exponential form is a

useful approach when sufficient historical data is available.

The author suggests that in the planning phases of a program, the

exponential approach may not be appropriate.

Smith develops a simple formulation that segregates

fixed costs from the nonrecurring production costs. The author

argues that amortization of fixed cost should be considered

distinct from other rate effects. The resultant formulation is

s! wn in equation C.5-1.
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M (C.5-i)
C IAQ +F

t Q=K+I.

Where:

Ct= total cost of production in year t

Qt= quantity produced in year t
S

A = recurring first unit cost

B = learning curve parameter

F = constant annual fixed costs allocable
to the program

As presented in equation C.5-1, t'-e Smith formulation

expresses total production costs as a function of recurring and

fixed cost. This is an intuitively appealing approach and it S

provides the program manager with a simple tool to be used early

in a program. In t',e ear'v phases of a program, the program

manager can use estimated fixed costs for the fixed cost 7.. .

variable. The program manager should note the limitation of the

assumed constant fixed cost.

C.6 GREER AND LIAO

Willis R. Greer and Shu S. Liao, "Cost Analysis for
Dual Source Weapons Procurement," Naval Postgraduate
School, October 1983.

Greer and Liao present a detailed investigation of

production rate, capacity utilization, and unit price. Based on

a statistical investigation, they suggest the use of capacity

utilization rather than production rate as a predictor of unit

price. The Greer and Liao formulation is shown in equation

C.6-1.
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P a dM kef (C.6-i)

Where:

P = average price for the buy .. ...-

Q = midpoint quantity associated with a
particulr lot

U = smoothed utilization percentage for
the industry

M dummy variable equal to I if the buy
was under dual source, zero
otherwise .

N dummy variable equal to 1 if the
competition was winner-take-all,
zero otherwise

e = base of the natural logarithm

k, a, c, d, f = parameters to be estimated

To identify the smoothed capacity utilization, Greer

and Liao used a resistant time series smoother followed by a

Hanning running average.

Greer and Liao compare the performances of the

traditional production rate models to the p:-rformance of the new

formulation. The formulations are estimated using both the mean

and median values of the data set. The results of the parameter

estimation for the original producer of the system are shown in

equation C.6-2.

(C.6-2) . -

Median values, P = kQ-0 2 7  U+1.250 e -0201M e-0"854N

-0.260 +1.765 -0.2uLM -0.854N
Mean values, P =kQ U e e
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Greer and Liao estimate that the parameter estimates

shown in equation (.6-2 are statistically significant. They

interpret the results as an indication that capacity utilization

directly affects unit price. Furthermore, the negative

coefficients of the competition terms imply there is a downward

price shift when competition is introduced.

Greer and Liao elso estimate model parameters for the

second producers; however, the capacity utilization parameter

estimate was not significant. In investigating the model form,

Greer and Liao included a production rate variable and found it

to be nonsignificant in all but one case.

C.7 WOMER

Norman Keith Womer, "An Automated Airframe Production
Cost Model," Proceedings of the 1983 Federal
Acquisition Research Symposium, Williamsburg, Virginia,
December 1933.

Womer presents a more detailed consideration of

production rate and a more complex formulation than those

employed in prior efforts. The formulation expresses airframe

labor hour costs as a function of the following: _

* Worker learning through experience

* Worker learning through training

I I Speed of the production line

* Length of the production line

Womer expresses these factors in an exponential

formulation that can be estimated using nonlinear least squares. -

C-lI
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Model parameters estimated based upon the C-141 demonstrate a

good fit with a reported R2 of 0.69. Womer's formulation

represents more of the realities associated with manufactuiing

than other formulations; however, the data requirements are

extensive. Release dates, delivery dates, man-hours per

aircraft, and other manufacturing data must be used to apply the

model.

i -9
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D PROGRESS CURVES

Recurring production costs for defense weapon systems

often are estimated using a progress or learning curve. The

economic ana'.ysis presented in Chapter Four of this handbook

employs progress curves to represent unit prices in a competitive

environment. The purpose of this appendix is to provide the

program manager with a more detailed discussion of the progress

curve concept. This appendix presents the following:

0 An introduction to progress curves

* Alternative formulations of the progress curve

* Unit progress curve formulation

* Use of the unit progress curve ini production
cornPetijon analyses

D.1 AN INTRODUCTION TO PROGRESS CURVES

The learning curve was first formulated by T.P. Wright

1in 1936 using airframe manufacturing experience. In its

most basic form, the learning curve reflects a reduction in

required labor hours as cumulative production quantity increases.

The convention used is to cite xne percent reduction in required

labor hours based on a doubling of the cumulative production

quantity. This reduction is attributed to workers' "learning" or

experience.

T. P. Wright, "Factors Affecting the Cost of

Airplanes," Journal of Aeronautical Science, 3, 122-128, 1936.
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In recent years, this basic formulation has been

expanded by several authors. 2  The learning curve has been

developed to incorporate oth3r recurring costs associated with

production. It has been observed that the recurring costs of

production follow a pattern similar to that of labor hours; that

is, an increase in cumulative quantity leads to a reduction in

unit cost. For example, it production unit number 1,000 of a

missile program costs $500,000 and the progress curve is 80

percent, one would predict unit number 2,000 to cost 80 percent

of $500,000 or $400,000. This development has led different

authors to use different terms, sometimes interchangeably, when

discussing l-earning curves. Often used terms include "progress

curve," "cost improvement curve," and "experience curve." A

C 01n-n . . .- "111re f. 1 -1

F I _

0i
05

QUANTITY

Figure D.1-1 Progress Curve

2 See for example, Perspectives on Experience,
Boston Consulting Group, 1968.
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The term "progress curve" is used in this handbook to distinguish

it from the learning curve. The latter implies reductions in

labor hours due to worker learning. The progress curve includes S

all recurring costs, amortized capital cost, overhead, and

profit. Thus, the progress curve presents the unit cost to the

government (or contractor price).

It is important to note that the progress curve is

descriptive in nature, not explanatory. The concept was 0

developed using historical experience and empirical cost and

quantity data. Empirical and theoretical studies have been

undertaken recently to identify determinants of the progress

curve. These studies have identified several factors, including

th-e following:

* Increase in supervisory and employee familiarity .. -
with production methods

"* Improvements in the production methods employed

"* Improvements in fixtures, tooling, and machinery

* Development of more eff'cient handling and
materials movement systems

"* Overt management action such as product redesign

"* Material substitution

"* Shared production experience with similar
production activities

" Reductions in scrap and waste

D-3 ,-



D.2 ALTERNATIVE FORMULATIONS OF THE PROGRESS CURVE

0

Two formulations of the progress curve have been used

by DoD analysts: the cumulative average curve and tle unit

curve. The cumulative average curve formulation assumes that
II

cumulative average costs decline by a constant percentage as the

cumulative quantity of units produced increases. The unit curve

assumes that the unit cost required to produce a specific unit

declines by a constant percentage each time the cumulative

quantity increases. In general use, the two forms are equivalent

and the selection of one formulation over the other is determined
- .

by the particular analyst's needs, such as having a requirement

for ease of computation.

The cumulative average curve formulation assumes that

the cumulative average cost declines by a constant percentage as

the cumulative quantity of units produced doubles. This can be

mathematically presented as shown in equation D.2-1.

C =A NB (D.2-1)
N

where:

CN the cumulati• average cost at
at the N unit

A = a constant defined as the first
unit cost

N = the number of completed units

B an exponent of cost reduction defined
as the in (progress rate)/ln(2) _
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The unit progress curve formulation assumes that the

unit cost required to complete a specific unit declines by a

constant percentage each time the cumulative quantity completed

doubles. This can be mathematically presented as in equation

D.2-2.

YN = ANB (D.2-2)

where:

YN = the unit cost of the N th unit 0

A = a constant defined as the first-unit cost

N = the number of completed units

B = the exponent of cost reduction defined A.
as the ln (progress rate)/In(2). Progress
curve exponunt values are provided on
page D-II.

Although the two formulations are similar in notation,

they present different cost relationships. The cumulative

aveirage formulation presents an average cost up to a given unit

that is weighted by the cost of all prior units. The unit
I

formulation presents a unit cost that is not influenced by the

cost of prior units.
S

D.3 SELECTING A FORMULATION

The two formulations of the progress curve, although

s6milar, present different characteristics. The selection of one

formulation over another is determined bY the needs and

D-5
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requirements of the analyst. The cumulative average curve is

used by some cost analysts, because of its ease of computation.

Although the unit curve is more cumbersome

mathematically, this formulation is used by many analysts in

assessing the costs and benefits of competition. This approach

is used because it more readily reveals the dynamic aspects of

the effect of competition on cost behavior in historical

programs. By its nature, a cumulative average curve tends to

mask changing cost behavior due to competition because the

cumulative average cost of the competitive units is influenced by

the costs of the prior noncompetitive units. This can be clearly

seen in Figure D.3--l.

0
0 UMULATtVE AVERAi CURVE

US$0t" CURVE

POIRT Of

COUFFTITIaR

QUAN1 ITY

Figure D.3-1 Shift and Rotation Using Unit and
Cumulative Average Curves

As shown in Figure D.3-1, the substantial shift and

rotation of the uRit curve manifest themselves as a slight rotation

of the cumulative average curve. Attempting to fit a cumulative

average '-urve through such data would tend to lessen the observed

effects of competition.
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By transferring the progress curves into their log-

linear form, one can see the rotation of the cumulative average

curve as shown in Figure 0.3-2.

LOG QUANTITY

Figure D.3-2 Shift and Rotation, Unit and
Cumulative Average Log-Linear Presentation

D.4 THE UNIT PROGRESS CURVE FORMULAMION

The unit progress curve formulation presents the cost

of each unit in a particular production run. Thus, the total

cost of a production run can be estimated by summing up all of

the inaividual unit costs. The unit cost progress curve

formulation is given by equation D.4-1.

Z = A XB (D.4-1)

Where:

Z = unit cost of the item number X ---

A = first unit cost

X = cumulative quantity produced

B = exponent which describes the slope
of the progress curve, defined
as the In (progress rate)/ln(2)
Progress curve exponent vilues are
provided on pace D-11.
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The single source cost can be estimated by summing up

all individual unit costs associated with a given production run.

This is summarized in equation D.4-2, assuming N units produced.

Total Cost = Z, +...... + ZN (D.4-2) - "

= AlB + A2B + A3B + ... + ANB

=A [IB + 2B + 3B + ... N B.

Equation D.4-2 adds the unit costs of all units produced from

unit number K to unit numb'er N. The total number of units

produced is N-K+1. For example, if one were interested in

estimated costs of the total production quantity, K would be 1

and N+1 would be the total number produced. If one were

interested in estimating the cost of a particular lot, K would be

the number of the first unit in the lot and N would be the number

of the last unit. Combining equations D.4-1 and D.4-2 and

calculating the total. cost from unit K through N yields:

Total Cost A[KB + (K + 1)B + ... + NIB (D.4-3)

X=N
- • A(X)B •

X=K

The program manager could calculate the total costs for

any number of units, then repeat the process for a different

production lot, also for any number of units. However, this

process would be laborious and time consuming, even if the

equations were computer based. Fortunately, the program manager

can simplify the comptitations by noting that the progress curve

D-S



is a continuous function. Thus, the area under the curve is the

total cost for a given number of units producel, as illustrated

by Figure D.4-1.

A

t:

0~A.5

S-

K N

CUMULATIVE QUANTITY -

Figure D.4-1 Recurring Production Costs

As the number of units produced increases, the unit

* cost declines, based upon the progress curve formulation. The

unit-cost curve is derived from equation D.4-1, based upon the

\0

progress exponent, B. The curve crosses the vertical axis at

point A, the first-unit cost. The total cost of producing N-K+l

* ~units is the shaded area, which shows the cost. curve from unit

* to unit N.

Using this approach, the total cost may be found by

• •_

using integral calculus to estimate the shaded area. The general

equation is easy to use and provides a good approximation of the

D-9
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cost that would be obtained by performing a unit-by-unit

calculation. The integral equation is shown in equation D.4-4.

N (D. 4-4)
C(K,N) = f AXB

K

A N B+1 KB+1
B+I [

where: C(K,N) = the cost of producing all units
from K through N. Thus, the total
units produced in a lot = N - K + 1.

A = first unit cost

B = ln(progress rate)/ln(2)

To illustrate equation D.4-4, assume that first-unit

cost is $10,000 and the progress rate is 90 percent. The cost of

the third production lot, which begins at unit 155 (=#K) and

3ontinu'ýs to Unit 'L T &I WouL e Qs OL1aWRa s

equation D.4-5.

$ 10 ,000 .848 15 (D.4-5)

= $11,792 (93.16 - 72.01]

= $249,401

A total of 56 units are produced (N-K+l = 56) at an average price S

of $4,454. The substantial decline in price from the first unit

price of $10,000 is due to the progress function. In fact, the

final unit price (N=210) would be as shown in equation D.4-6. -

C(210) = $10,000 (210) (D.4-6)

- $ 4,436

D-10 S



To assist the program manager in calculating recurring

costs using the progress curve, Table D.4-1 presents the ,

exponent values (B) associated with corunon progress cuive

rates.

TABLE D.4-1
PROGRESS CURVE EXPONENTS

Progress Curve Exponent (B)

95% -. 074
90 -. 152
85 -. 234
80 -. 322
75 -. 415
70 -. 515 I . .
65 - .621

D-11
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E EXAMPLE ECONOMIC ANALYSIS

The economic analysis of production competition

discussed in Chapter Four is illustrated in this appendix. The

example will rely upon the net present value method to emphasize

the interaction of the variables and to highlight the use of

sensitivity analysis.

E.1 SINGLE SOURCE RECURRING PRODUCTION COSTS

This example involves a major tactical missile program.

Based on contractor and historical data, a first unit cost of

progress curve, including profit and overhead, is projected to be

0.88. A production rate curve of 0.95 has been identified based

upon a should-cost study. A total buy of 12,000 missiles is

anticipated to begin in FY86, according to the production

schedule presented in Table E.1-1.

TABLE E.1-1
TACTICAL MISSILE PRODUCTION SCHEDUlE

Fiscal Year 86 87 88 89 90 91 Total

Quantity 500 1,000 1,500 3,000 3,000 3,000 12,000

E-1



Single source recurring production costs by lot are estimated

using the progress curve forwulation presentea in equation E.1-1.

_A IB+l 8411 C
C (K,N) - NB+ - K j R (E.I-l)

where:

C(K,N) = the recurring production cost ofi
all units from K through N

A = first unit cost = $750,000 .

B = ln(progress curve rate)/ln(2)
ln(88)/ln(2) = -. 184

R = production rate per period = --

annual procurement quantity .

C = ln(production rate parameter)/
1n2 = ln(.95)/in(2) = -. 074

Noic that ... rate f {C) is treated As A parameter in -

that it takes the same form in the total cost curve above as it

does in the unit cost curve equation. The rate, R, assumes a J!

fixed value for a particular period. For example, the single - -

source cost for the first lot can be calculated as shown in

equation E.1-1.

E-,2
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The recurring production costs associated with each lot

are presented in Table E.1-2.

TABLE E.1-2
ESTIMATED SINGLE SOURCE RECURRING PRODUCTION COST

Recurring Cost
Fiscal in Millions of
Year Quantity FY86 Dollars

86 500 93.5

87 1000 133.4

88 1500 163.2 2

89 3000 273.0

90 3000 248.0

91 3000 232.6

Total 12000 1143.7

E.2 NONRECURRING COSTS

A total nonrecurring investment of 65 million constant

FY86 dollars is estimated based upon anticipated tooling

requirements and equipment complexity. These costs include:

contractor research and development, technology transfer,

production qualification of the second source, additional capital.

and test equipment, and additional government management. These

costs are incurred as $10 million in FY85, $25 million In FY86,

and $30 million in FY87.

E-3
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E.3 COMPETITIVE RECURRING PRODUCTION COSTS

S
It is anticipated that the second source will be

awarded directed buys in FY87 and FY88. Competitive awards will

begin in FY89. A 60/40 split is assumed. The following progress
0

curve characteristics also are assumed:

* First unit cost for both the first and second
source equals $750,000.

* An original progress rate of 0.88 for the first S
source.

* A progress rate of 0.84 for the second source (5%
steeper).

* A ten percent shift and an eight percent rotation -

of the developer's progress curve at the beginning
of competitive awards.

A 0.95 production rate curve for both producers.

0

S
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Table E,3-l presents the competitive production

schedule.

TABLE E.3-1
COMPETITIVE PRODUCTION SCHEDULE

Fiscal Quantity
Year

Developer Second Source

86 500 0

87 700 300

88 900 600
_ _ _ __ _ _ _I _ _oo_ _

89 n/4 3000

90sp lit )
90 3000

91 ( 3000

Total 12000

The program manager must estimate the cost of both

producers. The first step would be to estimate the costs of the

directed buys (FY86 to FY88) using equation E.1-1. For example,

the cost of the second source initial lot would be calculated as

shown in equation E.3-1.

E-5



(E.3-1)

C(1,300) = 750,000 [300"7 1 (300)0.75.75 J_•

= (71.1) (.67)

47.6 Million

The cost of the first and second source directed buys

can be summed to yield total lot cost per fiscal year. The

program manager then must estimate the cost under competition.

The initial producer's cost can be estimated using the

competitive production progress curve. That is the original

producer's curve following the shift and rotation. The second

source's cost can be estimated by continuing down the stated

progress curve.

The issue the program manager must face is the

production quantities to be awarded to the two contractors. The

program manager cannot presume a winner of the competition; thus,

the quantities awarded to the contractors cannot be identified

and costs cannot be calculated. It is suggested that the program

manager identify a "probable" winner based on the stated

assumptions. This can be accomplished by comparing the average

lot cost of both competitors for the larger portion. The low

cost producer would be identified as the winner. The sensitivity

of the competition outcome to changes in the "probable" winner

can be investigated by altering the assumptions concerning the

second source progress rate and the initial producer's shift and

rotation. This method maintains a consistent pattern for

E-6
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sensitivity analysis and ensures the economic analysis remains

internally consistent.
S

A summary of recurring competitive production costs for

the stated example are presented in Table E.3-2.

TABLE E.3-2
RECURRING COMPETITIVE PRODUCTION COSTS

Fiscal Quantity Recurring Cost ir
Year -Millions of

Developer Second Source FY86 Dollars

86 500 93.5

7nn 'A 143.4

88 900 600 165.7

89 3000 234.9

-- ~ ~60/40--__. _

90 split 3000 202.1

91 3000 184.2

Total 12000 1023.8

2:L-L.ated recurring cost savings can be obtained by
comparing the annual single source and competitive costs. For

- * "-•1*

the stated example, these savings are shown in Table E.3-3.
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TABLE E.3-3
PROJECTED RECURRING PRODUCTION COST SAVINGS

0

Millions of FY86 Dollars
Fiscal Quantity single jCompetitive Potential
Year Source Cost Cost Savings

86 500 93.5 93.5--

87 1000 133.4 143.4 -10.0

8b 1500 163.2 165.7 -2.5

89 3000 273.0 234.9 38.1

90 3000 248.0 202.1 45.9

S91 3000 232.6 184.2 48.4

E.4 GOVERNMENT ADMINISTRATIVE COSTS

in addition to contractor production costs, the

program manager must consider additional government management

and administration costs associated with competitive production.

These include additional personnel and facilities to conduct

solicitation, selection and award of competitive contractst

follow-on lot acceptance test, and the continUing management of

two contractors. For this example, additional government

management costs during production are estimated to be $0.5

million per year. No additiona- support costs are assumed.



S

E.5 INTEGRATION OF COST ELEMENTS

The program manager must integrate the various

cost elements in order to make an investment decLsion. In

reaching this decision, the program manager is reminded of the

importance of discounting future costs and benefits. For

convenience the net present value formul ition applicable to

production competition is shown again in equation E.5-1. 6
NPV = Present value of cost reduction -

present value of nonrecurring costs (E.5-1)

N PV CR NRi m

(i+r) ~i'+r')

where: NPV net present value of competition
investment

CR = net cost reductions due to competitive
production in year i

NR = nonrecurring costs incurred due to
competitive production in year i

R = discount rate, set at 10 percent

The formulation presented in equation E.5-1 yields the

discounted net present value of production competition for a 0

particular program. The example costs and benefits expressed in

constant dollars should be discounted back to fiscal year 1985,

the first year of investment. Discounted nonrecurring costs are -

shown in Table E.5-1.

E-9 S
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TABLE E.5-1
DISCOUNTED NON-RECURRING COSTS

0

Fiscal Millions of Dollars
Year Constant FY86 Discounted

85 10.0 10.0 0

86 2t 0 22.7

87 30.0 24.7 0

Tota 1 65.0 57.4

The net potential recurring savings associated with

production competition can be obtained by subtracting additional

recurring government management costs from the potential

production savings identified in Table E.3-3. This process and

the discounted net potential recurring savings are presented in

Table E.5-2.

1

E-J.0
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TABLE E.5-2
DISCOUNTED POTENTIAL SAVINGS

Fiscal NVt Savings in Millions of Dollars Discounted
Year Constant FY86

86 • <

87 -10.5 -8.7

88 -3.0 -2.3

89 37.6 25.7

90 45.4 2 .2 C..

SI .

91 47.9 27.1

Total 117.4 70.0

75 shown in Tables E.5-1 and E.5-2 the discounted costs -

anc benefits of production competition are $57.4 million and

$70.0 million respectively. This indicates a net present value

of $12.6 million.

Discounting futuore costs and benefits is an important

management tool that enables the prograi; manager to assess the -- --

effect of production competition while taking account of the time

LE-11
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value of money. Equally important is the effect of production

competition on then year (or budget year) dollars. Table E.5-3 6

presents single source recurring production costs and total

competitive production costs in then year, constant, and

discounted dollars. A constant six percent inflation rate was

used to calculate then jear dollars.

TABLE E.5-3
POTENTIAL SAVINGS

Millions of Dollars

Production "-
Adproach Discounted Co.nstant FY86 Iiien Year

(from constant
FY86) - _

Single Source 785.6 1143.7 1371.5

Competitive 77;.0 1091.8 1295.2

Potential "
Savings 12.6 51.9 86.3

S

E.6 SENSITIVITY ANALYSIS

Analyses are conducted to investigate the

sensitivity of the net present value calculations to changes in

key assumptions. This is accomplished by altering the various

E-1 2
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assumptions one at a time. In regard to production competition,

the key assumptions are the follow'ing:

* Total planned quantity

* Initial progress curve

* Shift and rotation parameters -

0 Year of the first competitive award (or point in
the production cycle)

The relationship between these factors and the

production competition decision are discussed and illustrated

using the example tactical missile.

Total Quantity

This cpnsitivitv investigation can be characterized as
-

a break-even analysis. By analyzing cumulative single source

recurrina cost, cumulative competitive recurring cost, and

nonrecurring investment, the progranm manager can identify the .

break-even quantity. This quantity is the cross-over point. of

the single source cost curve and competitive cost curve shown in

Figure E.6-1.

E-13
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0
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I _____"_."__"_-
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CUMULATIVE QUANTITY

Figure E.6-1 Total Quantity Sensitivity

Quantity increases beyond the break-even point enhance the

attractiveness of competitive production. If '-otal quantit-y is

expected to be reduced to, or below, the break-even quantity,

caution should be exercised. This is particularly true for major

subsystem programs, whose total quantities are determined by

their associated system programs.
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Progress Curve

Prior to production, the progress curve for the

tactical missile was estimated based upon DoO experience with

similar systems and contractor data. Therefore, the sensitivity

of the competition decision to changes in the projected progress

curve should be investigated.

Prior empirical studies have demonstrated that greater

recurring cost savings are associated with flatter initial

progress curves. This is shown in Figure E.6-2. The single

source progress curve is also th* assumed initial progress curve

for the developer. All other parameters remain unchanged.

-
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INITIAL PROGRESS RATE 0

Figure E.6-2 The Sensitivity of Recurring Costs to Initial
Proaress Curve

Figure E.6-2 demonstrates the sensitivity of the

production competition decision to changes iii the assumed single

source progress curve. Another significant factor is the assumed -

second source progress curve. The empirical evidence indicates a

wide variation in steepness for tactical missiles. In addition,

this steeper curve is taken as an assumption, rather than being

estimated from prior data. Therefore, sensitivity analysis is

particularly impo.-tant.

E-16
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As expected, the steeper the second source progress

curve is, the greqter is the potential savings due to competitive

production. This is shown graphically in Figure E.6-3. 0

2000o-

SINGLE BREAK EVEN A-
........ SUC ........................ QO SOURCE

0/ COMPET!TIVE
S---f'" SOURCE COST

1000
LL. - -.

U.A
0
C,)z
0 I ..

-4-- -

.80 .82 .84 .88 .88 ,--. -

SECOND SOURCE PROGRESS CURVE

Figure E.6-3 The Sensitivity of Recurring Cost to Second
Source Progress Curve -

Shift and Rotation

Sensitivity analyses on the shift and rotation

parameters are important due to the dispersion and limitations of

this historical data. The greater the assumed shift or rotation,

the greater would be the potential savinqs. More detailed

analysis is necessary to identify the minimum shift and rotation

E-17
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necessary to balance the costs of establishing the competitive

source. 0

If the required break-even shift and rotation

parameters are beyond the historically observed range, production S

competition may not be economically beneficial. If potential

savings are projected even when using conservative assumptions,

production competition may be promising.

Figure E.6-3 presents recurring competitive production

costs for changing shift and rotation parameters, again based -

upon the prior example. The curve labeled 'ROTATION" presents

competitive production costs using various rotations and assuming

a constant shift oi tfn percent. Similarly, the curve labeled

"SHIFT" presents competitive production costs using various shift

values and aesuming a constant rotation of eight percent.

- - --. :
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Fiaurp E.6-4 The Senzitivity of Competitive Recurring
Cost to Shift and Rotation

Figure E.6-4 illustrates that, for the example,

reasonable assumptions concerning shift and rotation lead to

potential savings due to competitive production.

First Competitive Award

The timing of the first competitive award is a critical

decision variable for any production competition program due to

its direct relationship to the selection of a technology transfer

method and break-even analysis. Prior analyses have established

that greater potential savings can be obtained by initiating
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competitive awards earlier in the production program. The

ability of the program manager to conduct early competitive

awards is largely a function of the technique used to effect

technology transfer. For example, a TDP technique may enable

competitive awards to begin in the fourth year of production. By

initiating technology transfer during FSD, through teaming or a

leader-follower approach, the program manager may be able to

achieve competitive production awards in the second or third year

of production.

Early competitive awards may be difficult to achieve,

since early second source involvement may be precluded by

constrained near-term funding. In such a situation, the program.

manager must identity the break-even point. If second source

development and competitive production must be delayed, the point

at which competition is no longer economically viable should be

identified. For example, if effective technology transfer cannot -: -

be achieved until the fifth year in production, competition may

not be economically attractive.

Figure E.6-5 presents the sensitivity of recurring

competitive production costs to the timing of the first

competitive award. As shown, recurring competitive production

costs increase as the initial competitive award is delayed.
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EXECUTIVE OFFICE OF THE PRESIDENT
O7fICE OF MANAGEMENT AND BUDGET

WAHI NOTO#4. D.C. 00

OFFICE OF ,vOgRfA&.
P910CURVAIMYN
POI..CY FEB 2 7 S84

S

TO HEADS OF EXECUT EP.,RTMEg-DS T D BLISHMINTS

FROM% D -

SLBJECT: Policy Letter on Noncompetitive Procurement Proc.dures

The attached policy letter implements the President's August 11, 1983
memorandum (attached) requiring the issuance of policy direction to reitrict the
use of noncompetitve procurement procedures. This policy is an essential element
of the President's Reform '38 Marngement Improvement Proarn ahrd will help
agency heads to assure that competition is the preferred method of procurement.
In addition to establishing a finite list of circumstances under which
nerncompetitive procurements must be justified, the policy letter requires that the
procurement regulatory agencies (DOD, GSA & NASA) publish tight controls over
noncompetitive procurements in the Federal Acquisition Regulation and that the
Agency Setiior Procu-rement Executive estatiish internai procedures ior review ati

approval of the justifications for noncompetitive procurements.

In addition to these controls, the Federal Procurement Data System wi.l be
amended for the purpose of collecting information on the use of each of these
circumstances to justify a noncompetitive contract. Uniform data collection on
the extent of noncompetitive procurements and the reasons therefor will both help __.

to control excessive noncDmpetitive awards arid promote an understanding of the
need for and extent of valid ron.competitive procurements.

The Office of the United States Trade Representative expessed concern that the
implementation of this policy letter be in compliance with the Trade Agreements
Act of 1979. Representatives from DOD, GSA, NASA and the USTR met at OFPP
where the intent of this polcy letter was explained in detail. In response to the
concerns of the USTR, the procurement regulatory agencies shall assure that the
requirements of the Trade Agreements Act oW 1979 and Executive Order 12260 are
incorporated in the implementation of this policy letter in the FAR. In developing
such implementation the regulatory agencies should work with the Office of the
United States Trade Representative to assure accomplishmnent of this objective. _

A "Competition in Contracting Act" is pending which addresses the same subject as
this policy letter. Pending enactment of any such legislation, this policy letter
establishes the Administration's policy on noncompetitive procurement procedures. "

Attachment
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EXECUTIVE OFFICE OF THE PRESIDENT
OF'ICK OF MAHAGIENINT AND UDOGrT

WAGlI NTOT1. D.C.

OCWICS a PIOA•PAL

FEB 2 7 R8

O*'PP POLICY LET'i"ER NO. 14-.

TO THE HEADS OF EXECUTIVE DEPARTWtNTS AND ESTABL5HWN&I'S

S~bjects Noncm mpetitive Prociremenm P o*ures

1. Pr• rhe purpose of this Policy Letter is to establish uniforr.
2restrictions ontthe ue of noncompetitive procurrement pthced.res.

2. edealProperd. Bth the Armed Servies Procuirement Act (ASPA) and the
Federal Property and Admi'nistrative Services Act (FPASA) require that
procurements be competitive to the maximunm rr-cticable extent. However,
approximateiy one-third of procurement doilars today ($36B in FY' 83) are awarded
without obtaining competition (This does not include procurements reported as
"follow-on after competition" $31B in FY 13.) One of the principal goals of the
Administration's Proposal for a Uniform Federal Procurement System, submitted to
Conz• aem on Fe•-uary 26, 1992, is to inatete npetitive pcr'=-t*nt3 whtrr..,
practicable. Executive Order 12352, Federal Procurement reicins, March 17,
1982, also highlights enhancing competition Mnd limiting noncompetitive
procairement actions as key el emetms of procurement reform.

Ii his memorandum of August 11, 1983 to the Heads of Executive Departments and
Agencies (attached), President Reagn d-,,ected that competition be given
preference in ag•'ncy buying prol•rams. He also directed the Administrator for
Federal Procurement Policy to is.um a formal policy directive establishing
Government-wide restrictions on the use of noncompet~tive procurement.

It is important that we obtain the benefits tf competition -- economic,
technological and managerial - to the maximum practicable extent. This policy
letter focuses existing agency direction more effecti'ely and requires procuremient
officials to take greater advantage o competitive opporturnties.

Although the primary purpose of this policy letter is to establish contruls on the
we of nonconmpetitive procurement procedurtz, the heads of executie_
departments and agences should also 1) communicate to departument or agency
program a"d procurenent personnel a strong commitment to conpetition; 2) j
prom-ote advance procurement planning, market research a&4 early communication
between program anr procurement personnel to identify opportunitiez for
competition early in the acquisition cyle 3) strictly enforce the requirement for
complete justification (f noncompetitive procurements and careful scrutiny by
review offiaals; 4) take reasonable steps, where competition is impracticable, to
remove or overcome barriers to competitron for subsequent pocurernsnts; 5)
provide appropriate training and 6) use data systems to track noncompetitve
procurements and progress toward increasing competition.
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3.

a. rer procurements cd p.operty or sevices over the wnall picdcase
ce~Air, copetitiva procedures shall be ugm-d unless one or more of the
ioliowing &cirunstancus req~ure the use of mn~rimpeti1de procrdures:*

H(1) The property or wevics needed by the Gowre'rnent Is &vxilakaie fa
f romn only ork; source vf~d there is no cumpeativ &lter'natiye nor
can cmirpetitive alterratives be dt'e-Ioped in time to satisfy th~e
repurrwncnts, cd the GoverrwTnent.

(2) The property or sevice needed by the Go-oernment is ugVntly --

ad required un~der musiual and compe~lI~na ircurstances, caused by
other than a lack of advance planning or funding concerns.

(3) An aw&rd mIst be made to a specified source or sowan~ -

U) wihtn It Is necessary to (A) muittain a facility, producer, -

I.. manu.dacturer, or other supplier available let f.rr.ishin li
property or services in case of a natiwW~ urnergency,(B
achieve Industrial mobilization in the cas of such an -

anergancy, or (C) maintain an essemntial research capaelIity
to be provided by ai educational or other nonprofit

hýirmttiwrbn or a tFeoeruiiy Fmnded Researdi and Dewiopim -- -

Center,-

(IiI to establish or maintain an alteenative source which will
lik-ey increase or maintain competiton and willikely res-.41
in lower overal) cost -,* the Gowrwn. ant;.

(iii) f or follow-an Prcrmns 'n order to avoid (A) substantiui
duplication of cost t-. the Governrvnnt for the property or
sevice beins Procured, which c',"tbe expected to bL*
reo~vered tivaugh competition or (B) unacceptable delays in

acmplisitng the agency's mission objectdves;

(4) The contract to be awarded resuits f romi a.zeptance oi a bona
fide urmficited proposal that meet~s the reqiuirernents set forth in

L ~3.d. below and that demonswtrates a uniq.je or innovative concc~pt

'i'Wi& ricati on Mthi poic sitr opr e ts abovew the small purchiase
celling --s not mean that small purchmes; need not be competitive. It is expected
that the FAR will contirwa to reqilre wmpetitic and justiflcattion Of
nloncomfpetitive xmall purchases above a miniinwn dollar amount that is

administratively cost elf etnive

F- 3
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which~ fills z. reqWronent ur general mnission need o; the
Goverrnment (tt* term "Urisoicited proposal" rrewu a proposal
that Is submitted to a Federal depar-trrent or agency on the
initiative cf the submfitter for the purpose of obtaining a contract
with the U.S. Gcvervnmeit, and which is not In response to a
formnal or hirdoral request (other than a departmental request
constituting a piblidized general statement of need ir areas of
science and tect -31ogy-based research and development that are
a( interest -.o the department)).

(3) A SpeCifiC 30k-ce is required by imerr'atonal agreem~ent or for
4lrected procurements for f oreign goverrnments,

(6) The property or service is auhorimed or required by statute to be
obtained from or thuough another Fedural agency, or required by
statute to be obtained f rorn a specified source.

(7) Disclosure of the property or service needed by the Government
to more than one source would jeopardize the national security.

b. 3ustilication fm~ a nonczmpetitive proctrement which does not mi~l
under any of the circurnstarces !isted in 3.a. above, shall be reviewed
and approvvd by the Deparuent or A,-ency Senior t'rocuirement ___

Executive and may not be delegated.

c. Regulatiorns arnd procedur es to ens~re that noncom peti ti -e
procurements awarded under the circumrstances listed in La. above are
tightly controlled shall W~ publishied in the Fede-al Acquisition
Regulation (FAR). The contracting officer shall justtify, in writing the
proposed use of nonccmpetitave procuremenat procedurft and shall
ensure that the iriforration has been certified as accurate by the
req..arirng activity. The justification shall be: retained in the cuntract
'&4e. In accordance with P.L. 98-72 arid regutatory directicr in the
FAR, the, Agency _ceni' P ro-Letent Executive (.-e,4ired, by E.O.
12352 a" P.L 98-191) shall istahish procedures for review and
appoval of such jwstificationir..

d. Following reg~atory direction in the FAR aae, the requirements of
P-. 91-72, the Age-icy Seriicr Procus-eenert Executive shaill establish ~j
procedures to assure that cc~ntract awarde uizder circum'stance Ja.(4)
residt from bona fide umuliicited proposals anvd that tuch proposals are 0
not the resulit of actions by Gove.nment personnel. whi-ch circumvent
the ieqi~renient to effect competi~tion to the maxanurn extent
practicable. (This is not intended -o prevent "advance gtidaiice" su.;h
as that presently contained in FAR 1 5.5 or broad agency amwnn'r"r-eflts
constituting Se~iers.1 statements ol- need in ateas of scien'xe and
teclinology based -.esarch' and4 development that are of interest to the
agency.)
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e. The extenmion d a margmret and operating ontrwct ihall be .0
awarded In accmdance with FAR 17.6.

TVs addtiiona *tenton to nmnwmpetitive procaroments will furthe the -

implementation of Executive Orde" 12332 n part of the procurement rtorms
being carried out in accordance with Rdonm U and the Atrninistration's Proposal
for a Uniom Federal Proctrenmnt Systern. It Is important to note that the 0

policie contained in this Policy Letter we not intended to advarzely affect such
ca ressionally-mandated programs those dealing with simal, minority and
disadvantaged businesses, small business inovatian research, or such Presidential
initiatives as those deal.nig with the establislrnent of minority buinass goals.

4. Effective Date. This policy will be effective when implemented in the 0
Federal Acauisizon Reguilation (FAR). The Department cd Deferse, the General
Services Adiniristration and the National Aeronautics and Space Adrnunistration
shall ensure that this policy is implernented in t.he FAR no later tha 120 days alter
the date of this policy directive.

_ Sowle
A 9w{inistrator
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THE WHITE HOUS1E

WASHINGTON
p *

August 11, 1983

MEMORANDUM FOR THE BEADS OF DEPARTMENTS AND AGENCIES

SUBJECT: Competition in Federal Procurement

Competition is fundamental to our free enterprise system. It P S
is the single most important source of innovation, efficiency,
and growth in our economy.

Yet, fax too often the benefits of competition are excluded
from the Federal procurement process -- a process which now
results in expenditures of over S160 billion annually. ... S.
Numerous examples of waste and exorbitant costs due to the
lack of competition have been detailed by the Congress and the
press during recent months.

Althouch efforts have been initiated by this Administration
through the Reform '88 ManAg,.ment Improvament Program to
correct this longstanding problem, I am convinced that more
needs to be done. Conse'quently, I have directed Don Sowle,
the Administrator for F'deral Procurement Policy in the Office
of Management and Budgat, to issue a policy directive on non-
competitive procuremezt to all departments and agencies. That
policy directive will establish government-wide restrictions
on the use of noncompetitive procurement and will be reflected
in the government's procurement regulaticns. While such
congressionally mandated programs r. contracting with minority
firms and handicapped persons will not be affected, the un-
warrantad use of noncompetitive practices muist and will be
curtailed.

Pending the f rmal issuance of this new policy by the Adminis-
trator, I call upon each of you to assure that competition is
the preferred method of procuremant in your department or
agency.
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Establishing Competitive Production Sources

Because the challenges related to production competition are complex and some ot the
techniques described in this handbook are rel,.ively new, revisior.s to this handbook maybecome necessry as additional experience and cata become available A major consideration
during the preparation of possible subsequent editions will be the comments, criticisms, or sug-
gestions of you, the handbook's users. Use the space below, to let the editors know how you
think this handbook can be improved (e g.. recommended additions, deletions, corrections, or
other suggestions). Attach add-tional sheets as necessary.

S

Whether or not you have comments or suggestions for future editions, we are very interested
in your reaction to our efforts on this handbook. Please take a few moments to identify its
strengths and weaknesses In each box, enter a number rating as follows 1-Excellent; 2-Good,
3-Fair, 4-Poor

j Readability

DScope of subject coverage

Contribution to your knowledge of subject

Cor ribution to your job effectiRehess

[7I Contribijtion to your subordinates' ob etfectiveness

(This Section Optional)
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